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As an undergraduate at the University of Toronto in the seventies of the last 
century, Dr. McMurrich had Professors of Agriculture and of Meteorology, and 
his first teaching post was at the Guelph Agricultural College as Professor of 
siology and Horticulture. So close at that time was university teaching in science 
to practical application. In 1884 an article from his pen appeared in “The Week” 
on the subject “Science in Canada’’, in which he stated “The life-histories of our 
various food fishes, their manner and times of migration, their spawning localities, 
their personal enemies, the destroyers of their food, all these should be properly 
investigated”. He advocated the establishment of stations on Vancouver island, on 
the gulf of St. Lawrence, and on the Nova Scotia coast. 

During the next twenty-three years, he was investigating and teaching biology 
and finally human anatomy in five different universities in the United States. 
When he returned to Canada to become Professor of Anatomy at the University 


‘of Toronto in 1907, he found the Biological Board of Canada established with a 


Station building at St. Andrews, N.B., that had operated successively on the bay 
of Fundy, on the outer coast of Nova Scotia and at three different points in the 
gulf of St. Lawrence, and a Pacific Station about to be established on Vancouver 
island. He at once took an interest in the work, went to both Atlantic and Pacific 
Stations, and began to study the Actinians of each coast as well as the life-histories 
of the Pacific salmons. It was, therefore, very natural that, when Prof. Ramsay 
Wright, his former professor, who had introduced him to biology, resigned from 
the Board in 1912, Dr. McMurrich should have taken his place. He took an in- 
creasingly more active part in the Board’s work and organization, studying the 
plankton of both coasts, serving on the Executive Committee, and as editor greatly 
improving the character of the Board’s “Contributions to Canadian Biology”. In 
1926 on Dr. Knight’s retirement, he became Chairman of the Board. 

He was strongly imbued with belief in the contribution that scientific work, 
if fundamentally sound, could make to the fisheries, and he supported every move 
for closer rapprochement between the fundamental and the practical, between the 
university scientist and the man in the industry. During his regime the formal 
change was made that reconstituted the Board as a tripartite organization, still 
primarily scientific, but with membership from the Department of Fisheries, the 
administrative side of the service, as well as from the fishing industry. At the 
same time the Board’s work was very considerably enlarged by definite provision 
through new Stations on both coasts, for attack on the problems facing the industry 
in preserving and handling fish, and by development of permanent staffs for con- 
tinuous investigation of important and pressing problems. 

He served effectively for Canada on the North American Council on Fishery 
Investigations and was a member of it from its origin to the time of his death, 


which occurred on February 9, 1939. 
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The Food of Mergus serrator on the Margaree River, N.S. 
By H. C. WHITE 
Atlantic Biological Station 


(Received for publication A pril 6, 1939) 


ABSTRACT 


Largely reflecting the fish available, the food is chiefly sticklebacks (some young salmon) 
in the river estuary, and wholly salmonids (nearly all young salmon) far up the river. 


Our former papers (White 1936, 1937) included accounts of the feeding 
habits of the mergansers on the Margaree river, but dealt mainly with the 
American merganser (Mergus merganser americanus). In 1938 during the trapping 
and marking of salmon smolts on the lower part of the Northeast Margaree river, 
16 adult red-breasted mergansers (M. serrator) were shot. 

It was noticed that most of these mergansers flew up river from the estuary 
or the sea in the morning and returned down stream in the evening, although a 
few might be seen flying up or down at any time. We have stated (White 1937) 
that the feeding of ducks of this species was confined largely to the estuary and 
the lower part of the river, but in 1938 there appeared to be a definite upstream 
extension of their feeding range.. Many more red-breasted mergansers were seen 
in the upper parts than had been previously, and our collections confirmed the 
field observations. In 1937, only one out of 28 mergansers collected in the 
upper part of the Northeast Margaree was M. serrator, while in 1938 there were 
6 of them out of 14 mergansers collected in the same area. The reason for this 
may have been that the killing of mergansers in the upper part during the previous 
summer and winter had greatly reduced the number of American mergansers 
and that the red-breasted mergansers, usually concentrated in the lower reaches, 
had spread to occupy the feeding grounds which had previously been dominated 
by the other species. In the intermediate regions and in the lower reaches, 
where in former summers American mergansers had been shot, not one was seen, 
and there was not one among the sixteen mergansers that were shot. 

Since large numbers of smolts were passing through this part of the stream 
during their seaward migration, it was desired to know to what extent mergansers 
were feeding on them. The sixteen M. serrator were taken between May 28 and 
June 22 from the estuary to the Garden pool on the Northeast Margaree river, 
a distance of about six miles. They contained remains of salmon (S. salar), 
trout (Salvelinus fontinalis), sticklebacks (mostly Gasterosteus aculeatus, but also 
Apeltes quadracus), Fundulus (1 F. diaphanus, 1 F. sp.), suckers (Catostomus 
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commersonii), cunners (Tautogolabrus adspersus) and bones of 2 unidentified 
fishes, evidently marine, as given in table I. 


TaBLe I. Stomach analyses of Mergus serrator 


| 


| Upper Northeast 














| Estuary | Lower Northeast Margaree Margaree 
| 
RE ee ee se aS Barrack | Margaree|Wash pool] Ethridge | Garden Long | Marsh 
pool ford |June2,3,| pool pool Intervale| pool 
| BN canvas ee | June 22 |May28,30) 6,7 June 2 | May 30 |June 7, 27) August 1 
| No. with food.... ee A ie Ne RT ae 2 3 
| No. empty....... 1 2 
| Salmon parr...... 1 | s+ 36 1 4 8 8 
| Salmon smolt..... zz | 6 4 1 
\ TWO. ncvccneves 8 1 
| Sticklebacks...... me | we | me 1. 2 f | 
INE ios winch nts 1 } 1 | Teeth 
eo? ae | 
| Fundulus......... , 2 
a 4 
Unidentified. . 1 ] 





The presence of the cunners showed that the birds containing these had fed 
recently in the salt water, whereas those which had fed in the estuary contained 
numbers of sticklebacks, Fundulus, and small suckers. Of the sixty-one salmon 
found in their stomachs only ten were large enough to be smolts, and indeed the 
mergansers were feeding in the shallower parts of the pools or on the rapids, 
with no indication that they were following the smolt schools. The mergansers 
were leaving the estuary when it contained many smolts, and ascending the river 
where they were feeding largely upon the salmon parr. 


In the Big Intervale district (upper Northeast Margaree), of the seven 
individuals obtained in 1937 and 1938, four were only half grown (two of them 


empty). The five with food contained only salmon parr and trout, as given in 
table I. 


The percentages, based on numbers, of salmon, trout and other fishes forming 
the food in the different areas, are shown in figure 1. In the estuary (upper) 
there is only a small percentage of salmon and no trout. In the lower Northeast 
Margaree, salmon make up the major part of the food, with other fishes and trout 
forming smaller percentages. In the upper Northeast Margaree, salmon consti- 
tute nearly the entire food, there being only a small percentage of trout and no 
other fishes. These analyses are similar to those found for the kingfisher in the 
same areas (White 1937), but the kingfisher takes a higher percentage of trout, 

From our previous food analyses of a few red-breasted mergansers killed 
on the lower Margaree (White 1937) we had stated that when feeding in the 
same area (of the river) there was no difference in the feeding habits of the two 
species. These analyses of 23 additional specimens bear out that assertion. 
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Munro and Clemens (1939) have also concluded for British Columbia that, while 
on fresh water, there is no difference in the feeding of the American and red- 
breasted mergansers. 


V7 


7 


FicurE 1. Percentages of salmon (black), trout (oblique bars), and other fishes (plain), found 
in stomachs of Mergus serrator in different areas cf the Margaree river. A, upper estuary; 
B, lower Northeast Margaree; C, upper Northeast Margaree. 


The data that have been presented show that while feeding in the river 
during the smolt run the red-breasted mergansers were not selecting the smolts. 
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Factors Influencing the Vitamin A and D Potency of Grayfish 
Liver Oil Squalus sucklii (Girard) 


By L. I. PuGsLey, 


Pacific Fisheries Experimental Station 
(Received for Publication February 25, 1939) 


ABSTRACT 


A study of the variations in yield, colour and vitamin A potency of the liver oil of grayfish, 
Squalus sucklii (Girard), as influenced by sex, size and time of catching was made. The mean yield 
(71.5 per cent), colour (3.5 Lovibond units of yellow) and vitamin A potency (3330 blue units 
per g.) varied with size of the fish; the other factors did not show any significant influence. 
Three samples of liver oil assayed 4, 6 and 7 international units of vitamin D and the values 
did not show any relation to the vitamin A potency. 


The grayfish, Squalus sucklit (Girard), belongs to the sub-class of Pisces 
known as Elasmobranchii. Although the term dogfish also has been given to 
this fish, “grayfish” is used throughout the present article, since this name has 
been adopted generally in Canada and the United States as a trade name for 
the fish. This name is quite descriptive and possibly has a greater aesthetic 
appeal to the trade than the name dogfish. 

Grayfish are found in relatively large numbers along the North Pacific coast 
of North America and in some places have created a nuisance to the fishermen, 
causing much destruction to gear. Thus far the demand for the skin, oil and 
flesh has seldom been large enough to make it a profitable industry for the 
fishermen to land this fish. 

In view of the increased demand for oils containing vitamins A and D, an 
investigation of some of the factors influencing the content of these vitamins in 
the liver oil of the grayfish was undertaken in order to see if it would be profitable 
to process the livers for these constituents. Holmes and Pigott (1925) reported 
that the liver oil of the Atlaritic dogfish (Squalus acanthias) was a good source 
of vitamin A. Brocklesby (1927) showed by biological assay that Pacific coast 
grayfish liver oil was five to ten times more potent in respect to vitamin A than 
a medicinal cod liver oil on the market at that time. Bailey (unpublished) 
found quite large variations in the vitamin A value of different samples of 
grayfish liver oil; most of the values were greater, however, than those usually 
found for cod liver oil. Brocklesby (1929) found the vitamin D potency of 
grayfish liver oil varied considerably but the values were less than those of 
commercial medicinal cod liver oils. Asmundson, Allardyce and Biely (1929) 
reported that grayfish liver oil was not a good source of vitamin D for poultry. 
Bills, Massengale, Imboden and Hall (1937) have shown that grayfish liver oil 


312 
J. Fisu. Res. Bp. Can. 4 (5) 1939. 


( 
: 
f 


nh 


— 


oe 


eer 








313 


is quite potent in vitamin A and its vitamin D is more effective for chickens 
(rat unit for rat unit) than the vitamin D of cod liver oil. Brocklesby and Large 
(1935) have shown that grayfish liver oil could be quite successfully blended 
with other fish oils in the production of a medicinal oil. The clinical results 
from the use of a blended oil from grayfish liver oil, salmon and pilchard oil 
showed it to have a vitamin A and D value comparable to that of medicinal 
cod liver oil. Brocklesby and Denstedt (1933) have made an extensive study 
of the chemical and physical properties of grayfish liver oil. 


METHODS 


Twenty to thirty fish were caught from month to month throughout the 
year from November 1936 until October 1937 either in Prince Rupert harbour 
or within a radius of fifty miles (80 km.) of the harbour in Hecate strait. Due 
to weather and fishing conditions samples in January, April and June were not 
secured. The fish were brought to the laboratory in a strictly fresh condition, 
usually four to six hours after catching, where they were measured and weighed. 
The liver was then weighed and the gall bladder removed from it. Note was 
made of the appearance of the liver, sex and sexual condition of the fish, and 
any other pertinent observation. The individual livers were minced and a 
30-g. sample was kept for the determination of total oil by ethyl ether extraction. 
The oil was obtained from the livers by passing steam for 15 minutes into a 
covered beaker containing the minced liver tissue, whereupon oil separation 
readily occurred. Twenty-five cubic centimetres of the oil were decanted from 
the beaker, dried with anhydrous sodium sulphate and kept in a full well- 
stoppered bottle at —20°C. until used for analysis. The remaining oil from 
the individual livers of each monthly lot was pooled and a representative sample 
also taken for analysis. 

The colour of the oil was determined by comparison of the oil in a 2 cm. 
cell with the Lovibond colour scale in a Rosenheim-Schuster tintometer. The 
vitamin A was estimated by the Carr-Price antimony trichloride reaction on the 
oil according to the method outlined in the British Pharmacopoeia, 1932 Re- 
vision. The extinction coefficient (E value) of a representative number of samples 
from each monthly lot was determined by means of the Hilger vitameter-AC. 
This determination was carried out on the unsaponifiable fraction of the oil, 
in each case using aldehyde-free ethyl alcohol as the solvent. The United 
States Pharmacopoeia reference cod liver oil of 3000 international units of 
vitamin A gave an E}%, value of 1.34 with this instrument. The vitamin D 
assays were carried out according to the method adopted by the United States 
Pharmacopoeia, 1934 Revision. 


RESULTS 
Tables I and II are summaries of the data obtained for the length, weight, 


weight of liver, per cent liver, per cent oil in liver, and colour of the oil for the 
individual samples obtained each month. The median, mean and standard 


° ° ~ vX2 
deviation of the data for each monthly lot are shown. S.D. = 4 - 
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TaBLe I. Median and mean length, weight and weight of liver of grayfish. (For locality of 
catching, see table III.) 





No. of Length (cm.) Weight (kg.) | Weight of liver (g.) 
Month fish |- — 


(1936-37) caught Median Mean S.D. | Median Mean S.D. | Median Mean S.D. | 





November 31 86.0 87.6 8.45 2.909 3.21 1.07 569 601 770 
December 24 0 ~-STSD 17 2.98 3.98 . 1.35 | -306 570 =. 287 | 
February 21 96.0 96.0 7.45 3.41 4.15 1.49 | 455 586 264 | 
March 24 98.0 95.2 10.50 4.22 4.03 1.438 | 590 591 258 
May 27 | 100.0 99.0 8.95 4.90 4.50 1.38 785 660 790 
July 27 88.0 90.0 9.45 Set 8:38 1.4 460 447 150 
August 30 98.5 98.5 7.31 4.15 4.24 1.10 510 503 112 
September 30 86.5 86.8 8.45 2.83 2.93 0.94 390 461 204 
October 28 84.0 84.4 11.21 2.38 2.70 1.28 | 327 366 195 


TABLE II. Median and mean per cent of liver and liver oil in grayfish, and colour of oil. 


Colour in 
Month Per cent liver Per cent oil | Lovibond yellow units | 
(1936-37) 





Median Mean _ S.D. Median Mean S.D. | Median Mean _ S.D. 





November 19.4 18. 


7 BROMO 91:7 . 388). 39 2:2 --1:00 
December 16.6 17.0 4.00 | 71.9 72.0 3.94 | 1.7 1.8 0.52 
February 12.8 12.9 2.41 | 68.5 68.4 5.45 4.4 6.1 3.42 
March 14.1 14.4 2.14 | 74.7 78.7 4.71 2.4 26 0.29 
May 15.1 14.4 3.38 | 72.0 70.1 11.88 3.0 3.9 2.51 
July 14.8 13.9 2.90 | 69.5 69.0 5.80 i 22. 4:3 
August 12.2 12.3 3.39 | 69.8 69.2 2.16 4.3 4.7 1.79 | 
September 15.8 15.3 3.03 74.5 77.2 5.74 3.0 3.7 4.10 | 
October | 13.8 13.2 2.94 | 74.0 72.2 1.90 36 638) «(1.88 





No seasonal trend is evident from these values. The weight of the livers 
varied quite markedly. The high values for the mean percentage of liver in 
the fish for November and December 1936 do not fall in line with the value 
obtained for October 1937, in order to indicate a seasonal trend. The percentage 
of oil in the livers is not markedly different from month to month, the mean 
being between 70 and 75 per cent. The colour of the oil as measured in Lovibond 
units of yellow (2-cm. cell) is between two and four units. No red colour was 
evident in any of the samples examined. Care was taken to keep the time of 
steaming the livers constant to obviate any undue heating of the oils, which 
would lead to the production of a red coloration. It was observed that ether- 
extracted oils dried in vacuo at 70° C. showed considerable red colour. The 
vitamin A values, expressed in blue units per gram of oil, are shown in table III. 
It is also indicated in this table whether the fish were caught in Prince Rupert 
harbour or in Hecate strait. No definite seasonal trend in the vitamin A values 
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TABLE III. Median and mean blue units of vitamin A per gram in the liver oil 
of grayfish. 








Blue units per gram | | 
Month |-—————_——————__—___—_—__—_—__-_——_| Locality of catching | 
(1936-7) | Median Mean M.D. S.D. | 
November . . . . .| 600 935 636 1160 | Prince Rupert harbour | 
S| NR ee oe 570 632 340 532 | Pr i ee 
| February . . . . .| 4100 6760 4328 5850 | Hecate strait 
er i 1600 2280 1160 1300 | “* - 
Pie >; « ..6 sok oe ee hc hoe TCU 
\ tie 2. a ee) ee See CU ee; ell 
OO Se ee ee 5550 7780 4940 7150 | - = 
| September. . «ss 1000 2050 1895 2920 | Prince Rupert harbour | 
| ee ee 2010 1683 1150 | Hecate strait 
| 





is evident. Rather large variations and extreme values were encountered in 
each monthly lot. In general the values obtained for the liver oil of fish caught 
in the harbour are less than those for the fish caught in Hecate strait. This 
point will be dealt with in table VI. 

The results obtained from the pooled monthly samples of liver oil are 
shown in table IV. These values are possibly more representative of those to 
be expected from actual fishing operations than the values obtained above, 
since in this case the amount of oil contributed by each liver is taken into con- 
sideration, whereas the mean of the individual samples shown in table III is 
based on a constant amount contributed from each liver. 


TaBLe IV. Colour of oil, blue value and E value of pooled monthly samples of 
grayfish liver oil. 




















| | 
| Month | Amt. of oil Colour Blue units | S| 
(1936-7) (kg.) (vellow) per g. | | 
| 
November. . ... . 8:72 2.4 1100 1.18 
OS ee 2.32 2.0 500 0.64 
February pl pe ee BI 4.06 5.6 5000 | 6.45 
aT cc col Sd! Sete 6.54 3.4 1750 1.70 
ct cate eg A 6.54 3.6 2300 | 2.42 
July 4.41 4.2 2900 | 3.20 
August . nse den ae ace 4.09 5.0 4000 4.48 
SS" Se ee 6.00 2.8 1250 | 1.23 
October. 3.43 3.4 3500 4.12 





The data regarding the influence of sex, pregnancy and locality on the weight, 
per cent liver, per cent oil, colour, and blue units per gram of oil are shown in 
tables V and VI. It is seen that the male fish tend to weigh less than the females. 
The percentage of liver in the pregnant female fish is less than in the other 
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TABLE V. The effect of sex, pregnancy and locality of fishing on the weight, per cent liver 
and yield of liver oil of grayfish. (See table VI for number of fish in each group.) 























ee _ as 
' 
Weight (kg.) | Per cent of liver Per cent of oil i 
Type of grayfish — - V 
Median Mean S.D. | Median Mean S.D. | Median Mean S.D. ! 
a ‘ { 
ee et 2.55 2.51 0.58 13.0 13.0 2.80 71.3 70.2 6.35 | ( 
Non-pregnant female fish..| 3.40 3.37 1.16 16.2 15.5 3.50 72.0 71.5 4.82 
| Pregnant female fish. ..... 5.40 5.46 0.98 12.0 11.7 3.38 68.5 67.0 8.70 } 
| Fish caught in harbour....| 2.83 3.08 1.11 16.8 16.8 4.10 71.5 7.0 6.15 
Fish caught outside harbour| 3.65 3.84 1.44 14.1 13.5 3.04] 71.5 71.0 6.75 
| Total fish caught......... 3.40 3.56 1.35 14.5 14.7 3.47 71.5 71.0 6.55 ( 
| 
TABLE VI. The effect of sex, pregnancy and locality of fishing on the colour and blue units 
of vitamin A per gram of liver oil of grayfish. \ 
_ — - — ‘ 
i 
No. of | Colour (yellow units) Blue units per g. ' 
Type of grayfish fish 
Median Mean S.D. | Median Mean M.D. _ S.D. 





Male fish 


Peis trek eso horn aes 54 3.4 4.8 3.86 | 1550 3660 3160 3910 
Non-pregnant female fish..| 144 2.4 2.4 1.08 | 1150 1720 1220 1660 
Pregnant female fish. ..... Ad 3.6 4.5 5.05 3900 8250 6800 9230 | 
Fish caught in harbour.... 89 2.2 2.7 2.71 | 730 1360 1200 2210 
Fish caught outside harbour| 153 3.0 3.9 2.34 | 2450 4450 3680 6120 
Total fish caught......... 242 2.8 $3.5 2 


.60 | 1500 3330 2760 5100 


groups. The mean percentage of oil in the liver does not vary significantly 

from group to group. The mean colour of the oil for the whole group is 3.5 
Lovibond units of yellow and no significance can be attached to the differences 
in colour among the groups; the extreme values encountered in the male and 
pregnant female groups tend to lessen the significance of the mean value. The 
significance of the mean blue values is decreased due to the extreme values and 
the large variations encountered in the groups, but in general the values for 
the liver oils of fish caught within the harbour and of the non-pregnant female 
fish are lower than those for the other groups. 


RRR 


TABLE VII. Colour, yield, blue value and E value of liver oils of grayfish caught at different 
points along the British Columbia coast. 


aS 


Colour 
Locality of catching (vellow Per cent Blue units E!% 
units) of oil per gram 
Bones bay, Cracroft island....... 3.4 71.5 6600 5.55 
Goose bay, Rivers inlet............ 3.6 63.2 1500 1.77 
| Carlisle, Skeena river....... jeeehe 3.2 64.4 6600 5.55 
| Lagoon bay, Queen Charlotte islands 7.6 69.5 17200 13.80 
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Through the kindness of Mr. C. A. Hedreen of the Canadian Fishing 
Company, Vancouver, B.C., samples of grayfish livers from fish caught at 
different points along the British Columbia coast, as indicated in table VII, 
were obtained. The livers had been removed from the fish soon after catching, 
placed in one-pound cans and subjected to the usual canning process. Later, 
the oil was extracted from these livers in the laboratory and the vitamin A 
determinations indicate that the liver oils of fish caught at other points along 
the British Columbia coast have blue values similar to those of fish obtained 
in the vicinity of Prince Rupert, B.C. 

The relation of the colour and yield of oil to the blue value and E value 
of the oil is shown in table VIII. The samples of oil were chosen on the basis 


TABLE VIII. The relation of the colour and yield to the blue value and E value 
of the liver oil. 





























Colour 
No. of samples Lovibond units Per cent | Blue units E1% 
yellow oilin liver | per g. 
| | 

3 1.0 71.7 | 280 | 0.29 

3 1.2 | 78.0 350 0.44 

5 1.4 73.6 460 0.60 

7 1.6 73.4 700 0.83 

3 1.8 70.8 600 0.86 

11 2.0 74.8 1130 1.07 

7 2.2 76.4 1100 1.15 

10 2.4 72.2 1310 1.47 

8 2.6 70.0 1500 1.54 

3 2.8 76.8 2840 3.04 

11 3.0 70.4 2160 2.18 

9 3.2 72.6 2420 2.34 

5 3.4 72.7 2380 2.50 

8 3.6 69.9 3570 3.63 | 

1 3.8 66.5 1400 | 1.35 

s 4.0 75.4 3270 | 3.99 

5 4.4 66.9 7270 6.93 

3 4.8 70.8 4830 5.65 

1 5.2 | 70.6 7600 10.00 

2 5.6 67.1 5850 5.91 

4 6.0 65.3 6050 6.84 

3 6.4 65.8 8650 9.44 

5 6.8 64.5 13780 13.31 

1 7.2 68.0 12000 14.00 

2 7.6 63.0 14370 19.2% 

3 5 10970 12.52 


8.0 51. 


Note: Based on the whole of the 132 samples, the following ratios were found in this 
investigation: 


Blue units per gram : = ; 
— 5 — = 920 + 169; — = 1.74 0.31. 
lcm. Blue units per gram 


E\% x 1600 
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of their colour value. They represent ten to twelve samples from each monthly 
lot in which increasing depth of colour was made the criterion of selection for 
the determination of the E value. The mean of the values for the number of 
samples in each colour group is shown in the table. It is seen that with increasing 
depth of yellow colour the blue value and E value increase. 


The ratio of the blue value to the E value is 920 with a standard deviation 
of 169. Using the factor E}%, X 1600 recommended by Hume and Chick 
(1935) for converting E}%,, into international units, the ratio of international 


units to blue units per gram is 1.74 with a standard deviation of 0.31. 


PER CENT 


Mizese*+s 6r7rev0ms +'234567869 0620530540 1234567 88 0620 
BLUE UNITS PER GRAM X 1000 


Ficure 1. The relation between the weight of the grayfish and the blue value of the liver oil. 


The lower potency groups increase by 1000 units and the higher potency groups by 5000 
units. 


Figure 1 is a graphic representation of the relation between the weight of 
the fish and the blue value of the liver oil. From this chart it is seen that the 
liver oil of the smaller fish is lower in vitamin A than the oil of larger fish. For 
example 54 per cent of the liver oils of fish weighing between 1 and 3 kg. have 
blue values between 100 and 1000, and 23 per cent of this group have a blue 
value between 1000 and 2000. On the other hand, with fish weighing between 
5 and 7 kg., only 9 per cent have a blue value between 100 and 1000, while 21 
per cent of the values are between 3000 and 4000. The values obtained for the 
3 to 5 kg. group are intermediate between these values. 

Figure 2 shows the distribution of blue values in the total number of liver 
oils examined, the lower potency groups increasing by 1000 and the higher 
potency groups by 5000 units. It is seen that 35 per cent of the values obtained 
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were between 100 and 1000, and 23 per cent between 1000 and 2000; from this 
point the values drop off quite rapidly with only 4 per cent between 10,000 
and 15,000, and 0.5 per cent between 35,000 and 40,000 blue units per gram. 
Figure 3 shows the relation between the length and weight of the grayfish, 
separate curves being drawn for the male and female fish. The data for this 
chart were obtained by assembling the fish into length groups and taking the 
mean weight for each length group. A feature observed from these data is that 
the male fish reached a maximal length and weight of 100 cm. and 3.60 kg. 
while the female fish attained a length of 118 cm. and a weight of 7.50 kg. 


PER CENT 


ol ;. ee Ss . = 2 8 9 0 1 20 2 30 3 « 
BLUE UNITS PER GRAM X 1000 


Ficure 2. The distribution of the blue values in the total number of grayfish liver oils examined. 
The lower potency groups increase by 1000 units and the higher potency groups by 5000 
units. 


Pregnancy was not observed in the female fish until they reached a length of 
96 cm. which is approximately the maximal length of the male fish. The female 
fish tend to be heavier per unit of length than the male fish. 

On account of the low values for vitamin D in the liver oil of grayfish 
(Brocklesby 1929) it did not appear of sufficient importance to make an extensive 
study of this constituent, but rather to see if the vitamin D potency was related 
to the vitamin A potency. Three samples of oil were prepared from the group 
of oils collected which represented (1) oil from relatively small fish with a low 
vitamin A value, (2) oil from medium sized fish with what appeared to be an 
average vitamin A value and (3) oil from relatively large fish with a high vitamin 
A value. These samples were prepared by pooling five individual liver oil samples 
in each case. The samples were thoroughly mixed and assayed on various levels 

























TABLE IX. The vitamin D potency of grayfish liver oil. 








| 
| No. Av. wt. of | Vitamin A | Vitamin D 
fish kg. Blue units per g. International units 
Rael 
1 1.20 | 420 6 
2 2.60 3200 7 
3 4.40 28100 4 





until one was obtained which gave results comparable to the standard. The 
results shown in table IX confirm the view that grayfish liver oil is a relatively 
poor source of vitamin D. The vitamin D potency appears to be quite inde- 
pendent of the size of the fish or the vitamin A value of the liver oil. 
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Ficure 3. The relation between the length and weight of grayfish. - Male fish, * Female 
fish, © Pregnant female fish. 


DISCUSSION 

It is quite well recognized in work of this type that a large number of 
samples is necessary in order to obtain significant mean values. The number 
of fish obtained each month for this work is too small to make any definite 
statements regarding seasonal variation in the blue value of the liver oil, if such 
a variation exists. It is difficult to connect the variations encountered in yield 
of oil from the liver with the sexual condition of the fish, since there does not 
appear to be any definite time for delivery of the young, comparable to the 
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spawning time of other fish when a definite decrease in oil yield occurs. Due 
to the voracious nature of grayfish, the diet must necessarily be rather variable 
hence this factor may account for some of the large variations encountered. 

The trend of the blue values as related to size, as shown in table VIII and 
figure 1, confirms the observations of McPherson (1937) on cod liver oils that 
the larger or older fish yield a liver oil more potent in vitamin A than that of 
the smaller or younger fish. The liver oil from 12 foetal grayfish was examined 
for its vitamin A content which was found to be relatively low (63 blue units 
per gram). Thus, there appears to be a gradual accumulation of vitamin A in 
the liver with increasing size and age of the fish. 

The relation of the blue value and E value to the yellow colour of the oil 
is interesting in view of the relation of vitamin A to the carotenoids. Most of 
the oils containing 10,000 or more blue units per gram were from livers brown 
in colour and presenting a mottled pattern, rather than from the light yellow 
or cream coloured livers which in general yielded the lower potency oils. The 
oil obtained from fillets of grayfish by cooking im vacuo and pressing was colourless 
and contained only 27 blue units per gram, while the liver oil corresponding to 
this body oil contained 1000 blue units per gram. This shows that practically 
all of the vitamin A is stored in the liver of grayfish. Similar results have been 
found for herring and pilchard (Pugsley 1937). However, commercial grayfish 
body oil exclusive of liver is not devoid of vitamin A. Samples of body oil were 
obtained from a reduction plant and found to contain 300 to 400 blue units 
per gram. It is considered that the intestines contributed most of the additional 
vitamin A to the body oil, for a sample of oil obtained from the intestines of 
grayfish was found to contain 4000 blue units per gram although the yield of 
oil was only 1.5 per cent. Vitamin A has been shown to be present in the in- 
testinal oil of a number of other marine fishes (Pugsley 1938a), (Edisbury, 
Morton, Simpkins and Lovern 1938). 

As already stated, the ratio of blue value to the E value of the liver oil 
was found to be 920 + 169 and the ratio of international units to blue units 
1.74 + 0.31 for the 132 samples of oil shown in table VIII. It is not known 
to what extent these ratios can be applied generally. Difficulties reported by 
other workers were encountered in making accurate readings with both the 
tintometer and vitameter. It is also recognized that substances are present in 
liver oils which inhibit the development of colour in the antimony trichloride 
reaction. Therefore these values must be accepted with a certain amount of 
discretion in converting blue units into international units, since the only official 
method of determining international units is by biological assay. _ This value 
for the ratio of blue units to E value is similar to the values reported by Crews 
and Cox (1934) for the ratio of the Carr Price blue value to E value. They 
have shown that the ratio is less in lower potency oils, e.g., cod liver oil, than 
in commercial fish liver oils and concentrates. No definite change in the ratio 
was observed in passing from the lower potency oils to the higher ones in the 
group of oils shown here. 

The low vitamin D potency of grayfish liver oil is similar to the values 
obtained for other shark liver oils (Pugsley 1938b). The low vitamin D potency 


> 
< 








322 


of these cartilaginous fishes, in contrast to the usually much higher potency of 
the bony fishes, is of interest in view of the function of vitamin D in the formation 
of bone in mammalia. 


SUMMARY 


A study of the variations in yield, colour and vitamin A value of the liver 
oil of grayfish as influenced by size, sex, pregnancy, locality and time of catching 
has been made. The mean yield and colour of the oil were 71.5 per cent and 
3.5 Lovibond units of yellow respectively. These values were not significantly 
influenced by sex or time of catching. A lowered yield and a deeper coloured 
oil was obtained from the larger fish. The mean vitamin A value expressed in 
blue units per gram was 3,330. Wide variations were found which could not 
be ascribed to the sex of the fish or to the time of catching. The liver oils of the 
pregnant female fish and the large male fish had a higher blue value than the 
liver oils of the non-pregnant female and smaller male fish. 

The E value of a representative group of the liver oils was determined 
and this was found to vary with the depth of the yellow colour of the oil. The 
ratio of the blue units per gram to Ej, was 920 + 169. 

A representative sample of grayfish body oil was colourless and contained 
only 27 blue units of vitamin A per gram. The oil obtained from foetal livers 
also had a low blue value (63 blue units per gram). A sample of oil obtained 
from grayfish intestines contained 4,000 blue units per gram, but the yield was 
very low (1.5 per cent). 

The vitamin D potency of three samples of grayfish liver oil was 4, 6 
and 7 international units. These values did not show any relation to the corres- 
ponding vitamin A content of the oils, or to the size of the fish from which the 
samples of oil were obtained. 
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Factors Influencing Descent of Atlantic Salmon Smolts 
By H. C. WHITE 
Atlantic Biological Station 


(Received for publication A pril 6, 1939) 


ABSTRACT 


Descent of the smolts from a brook in 1937 and 1938 was found related to rise in temperature 
and low light intensity, rather than to rain or rise in water level. 


From our observations on the daily smolt runs at Apple river, Nova Scotia, 
in 1934 (White and Huntsman 1938) we had concluded that there was no cor- 
relation between water temperature and the intensity of the run but that it was 
correlated with slight rises in the water level. 

In the experiment at Forest Glen brook, Northeast Margaree river, Cape 
Breton island, to test the effectiveness of bird control in increasing the numbers 
of salmon smolt (White 1939), the course of the smolt run was followed both in 
1937 and in 1938. This provided an opportunity of obtaining further data which 
might permit at least a partial elucidation of the factors affecting the descent 
of the smolts. 

During the smolt runs of beth 1937 and 1938 records were kept of weather 
conditions, water temperature, changes in water level and numbers of smolts 
entering the trap. 

The rainfall was followed only to the extent of recording the days on which 
rain fell. The water temperatures were taken at least twice daily, morning and 
night, but there was no continuous record. The water level was recorded for a 
pool a short distance above the mouth of the river. The levels were taken daily 
both in 1937 and 1938, and although the readings for the two years are not 
entirely comparable, due to a shifting of the stream bed during the breaking up 
of the river in the spring of 1938, the slight differences in the relative readings 
for the separate years are not significant to these discussions. 

The data for the two seasons of 1937 and 1938 have been plotted in figures 
1 and 2. 

There are no deep pools on Forest Glen brook and the trap was located on 
a fast flowing part of the stream of average depth. 


WATER HEIGHT 


The headwaters of Forest Glen brook are largely on tableland where snow 
often remains until early June, and as the water from melting snow or spring 
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rains which produces the spring freshets drains away there is a dropping of the 
water level in the stream. In 1937 there was a general falling of the stream level 
during the smolt run (figure 1), and although there were good daily runs of smolts 
on mild rainy nights, the amount of rain falling was not always sufficient to 
counteract the general decline in the water level. These observations excluded 
an actual rise in stream level as being necessary to increase the intensity of the 
run, since the main run developed with the water falling rather steadily. 

It is probable that a rise in level will of itself increase the numbers of descend- 
ing smolts, as shown by our experience at Apple river in 1934. The smolt runs 
there (White and Huntsman 1938) were found to be associated with rise in water 
level rather than with temperature. This may have been due to there being a 
large pool immediately above the trap, which brought out the effect of change in 
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FiGuRE 1. Smolt run (———————) of Forest Glen brook in 1937 in relation to temperature 
(----- ), water height (----- ), and rain (R), as recorded daily. 


water level. When the water was low at the mouth of the trap, the smolts 
descended to it but failed to enter, returning to the pool, where they congregated. 
Then with rise in water level, they entered the trap. 


RAIN 


During the 1937 run there were alternate periods of mild rainy weather and 
clear weather with very cold nights (see figure 1). As mentioned above the best 
runs occurred during the mild rainy periods, but since the rain was accompanied 
by a higher water temperature and lessened light, the separate influences of these 
factors could not be determined. In 1938 a similar condition prevailed until 
May 23 (figure 2). However, in that year two of the three major runs, namely 
those of June 1 to 3, and June 7 occurred when there was no rain, showing that 
such was not necessary. 
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TEMPERATURE 


In making the graphs for temperature in figures 1 and 2 the averages of the 
readings nearest to the times when the runs of smolts entered the trap were used. 

The definite effect of temperature is shown between May 23 and June 3 of 
the year 1938, since during that period there was no rain, nor any rise in water 
level to complicate the situation. It will be seen from figure 2 that there is a 
very good correlation between daily smolt runs and water temperature. The one 
exception is on May 29, when the run increased. However, the evening tem- 
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Ficure 2. Smolt run (————————) of Forest Glen brook in 1938 in relation to temperature 
(----- ), water height (----- ), and rain (R), as recorded daily. 


perature for that day alone was taken very late at night and, as the night was 
clear and the temperature dropping rapidly, the record was undoubtedly lower 
than if it had been taken at the usual time. 

As the young salmon do not descend until the time of transformation into 
smolts, and as it may confidently be assumed that this transformation is speeded 
up by temperature, it is reasonable to presume that with a higher temperature a 
larger number of the salmon reach the stage at which they are prepared to descend. 


LIGHT 


It was observed that in general more smolts entered the trap during the night. 
The data for June 1, 1938, show that this is not due to temperature, and rain or 
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rise in water level are also excluded. That day was very bright and warm, and 


the water temperature for most of the afternoon was above 13.5°C. During the 
afternoon with bright sunlight and a falling water level, 66 smolts entered the 


trap, but in the evening with the light fading and a falling temperature (13.2°C. 
at 8.00 p.m.) the run increased, 122 smolts being removed from the trap at 
11.00 p.m. At 4.00 a.m. the next morning the water temperature was 9.4°C., 


and the trap contained 490 smolts which had entered after 11.00 p.m. of the 


previous day. 
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Effectiveness of Benzoic Acid Ice for Fish Preservation 
By H. L. A. TARR AND B. E. BAILEY 
Pacific Fisheries Experimental Station 


(Received for publication February 13, 1939) 


ABSTRACT 


Only a very slight improvement in keeping quality of dressed halibut (Hippoglossus hippo- 
glossus) and black cod (Anoplopoma fimbria), as evidenced by differences in viable bacterial 
population and trimethylamine content of excised muscle, results when the fish are stored in 
crushed tap water ice containing 0.1 per cent benzoic acid instead of in similar ice without this 
compound. The methods employed for a relatively simple determination of both viable bacterial 
population and trimethylamine content of the same sample of muscle are described, and the 
limitations of these as criteria of the relative age of dressed fish stowed in crushed ice are discussed. 
The “‘tyrosine’’ reaction failed to show greater effectiveness for benzoic acid ice; the values 
increased during storage, but were too irregular to serve as a safe criterion of spoilage. 


A. Evidence from Bacteria and Trimethylamine 


By H.L. A. TARR 


The results of experiments in which sodium hypochlorite, carbon dioxide, 
sodium chloride and ozone have been used in attempts to improve the keeping 
quality of round fish or fillets have been recorded from time to time (Bedford 
1932; Chen and Fellers 1926; Coyne 1933; Genin 1936; Hurequin 1936; Killeffer 
1930, and Stansby and Griffiths 1935). In a few cases certain of these compounds 
have been incorporated in the ice employed for icing round fish. Moran and 
Pique (1925); Gibbs (1923); Chen and Fellers (1926) and Hurequin (1936) re- 
ported improvements in the keeping quality of fish iced with hypochlorite ice, 
while Hurequin (1936), Bedford (1938 and unpublished) and Brocklesby and 
Riddell (1937) observed similar slightly beneficial effects when using ozonized ice. 
In 1936 Bedford, working at this Station, suggested that benzoic acid might 
enhance the keeping quality of halibut stored in ice in which one tenth of one per 
cent of this compound was incorporated. Preliminary experiments were carried 
out in which halibut were iced with ordinary tap water ice and with similar ice 
containing one tenth of one per cent benzoic acid, and the results indicated that 
the fish kept in the antiseptic ice appeared to retain their freshness somewhat 
longer as judged by decreases in viable bacterial population and trimethylamine 
content of the muscle (Bedford 1936 and 1938; Brocklesby and Riddell 1937). 
However, the results of this work were not conclusive enough to permit of any 
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final decision being made regarding the possible commercial value of such an ice, 
and the experiments herein described were undertaken with the purpose of obtain- 
ing more data regarding its antiseptic qualities. Only bacterial counts and trime- 
thylamine determinations have been used as criteria of the relative keeping quality 
of the fish in these experiments, since organoleptic tests, though admittedly a very 
valuable index of quality, must be conducted by a fairly large number of indi- 
viduals if consistent results are to be expected, as the work of Young (1938) has 
shown. 


EXPERIMENTAL 
METHODS OF SAMPLING FISH 


Halibut weighing from about 5 to 20 lb. (2 to 9 kg.) and black cod from about 
2 to7 lb. (1 to3 kg.) were used. The conditions of capture, transport and storage 
of the fish varied somewhat and are therefore described briefly in each experiment. 
Sampling a whole fish for the purpose of determining its freshness presents many 
difficulties, for it is probable that the bacteriological and biochemical changes in 
different parts of the muscle will not take place at a uniform rate. Thus the 
bacteria tend to be localized near the cut surfaces of the fish at first and later to 
penetrate to more remote portions (Harrison et al. 1926). If bacterial counts are 
to be employed as one criterion of freshness, any attempt to sample the whole 
muscle of the fish by filleting it under aseptic conditions presents great difficulties, 
for not only is it almost impossible to prevent external contamination, but also 
the labour involved would make such a procedure impracticable. The logical 
solution of the problem appears to lie in sampling approximately the same area 
of muscle in each fish, with the anticipation that the changes which take place 
there will be fairly constant for fish which have been stored under given conditions 
for the same length of time, and will therefore provide some estimate of the age 
and condition of the fish, at least for comparative purposes. Bedford (1937b) 
suggested that the bacterial content of the ‘‘poke’’ muscle of halibut might be 
employed as an index of the quality of the fish, because this region would naturally 
tend to be most heavily infected and poor methods of handling the fish, such as 
faulty dressing, poke washing and icing would all contribute to a rapid increase 
in the bacteria in this area. Jn the experiments to be described both ‘‘poke’’ and 
‘“belly”” muscle of halibut have been sampled, and the actual region from which 
the muscle was excised is recorded in the individual experiments (vide infra). 


DETERMINATION OF VIABLE BACTERIA AND TRIMETHYLAMINE 


In order to obtain muscle under relatively aseptic conditions the slime is first 
scraped off and the skin of the fish is then swabbed thoroughly with absorbent 
cotton moistened with 1 per cent mercuric chloride solution. After a few minutes 
an area of skin somewhat greater than that from which it is desired to excise the 
muscle is removed under aseptic conditions, about 20 to 50 g. of the exposed 
muscle is transferred to a sterile petri dish and is minced fairly finely with sterile 
scissors. 22.5 ml. of sterile water are pipetted into a sterile tube with a gradua- 
tion mark at 30 ml. and the minced muscle is selected at random and added to the 
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water until the liquid reaches this mark, thus making a suspension of muscle 
equivalent to approximately 1 g. in every 4 ml. The aqueous suspension of 
minced muscle is transferred to a specially made pyrex tube 2.5 cm. in diameter 
and about 18 to 20 cm. long, which contains 15 g. of fairly coarse washed sand 
(Baker’s quartz sand is suitable), has a stirring rod passing through a rubber 
stopper and has previously been sterilized. This type of grinding tube has been 
used by Haines (1937) for determining the bacterial content of samples of meat. 
The suspended muscle is then ground rapidly, for 1 minute only, using a small 
electric motor, since longer periods of grinding do not appear to yield higher viable 
bacterial counts and very prolonged grinding periods (10 to 40 minutes) usually 
cause a definite decrease in bacterial numbers. Evidently the bacteria occur in 
the muscle fluids and are fairly easily suspended by brief grinding. This pro- 
cedure has the distinct advantage of avoiding tedious filtration, for the aqueous 
muscle extract can be readily pipetted through the sand, leaving the coarse debris 
behind. The dilute extract thus obtained is employed for determination of viable 
bacterial counts and trimethylamine as follows. 


BACTERIAL COUNTS 


After some preliminary comparative experiments the “roll tube’’ method of 
Wilson (1922) was adopted for determining the viable bacterial population, since it 
yielded similar, and, in many instances, slightly higher counts than the more 
tedious and expensive “‘plating’’ method. Duplicate 1-ml. portions of the muscle 
juice (equivalent to 0.25 g. of muscle), or of suitable dilutions prepared from it, are 
added to 2-ml. portions of molten (45°C.) Bacto nutrient agar (prepared double 
strength) in 15 by 1.5 cm. tubes. These tubes are rolled, then incubated for 5 
days at 25°C., and the colonies which develop counted. A few experiments with 
agar media prepared from halibut muscle autolysed for 24 hours at 37°C. over 
chloroform, or with tryptic digests of this tissue prepared according to the method 
employed by Hartley (1922) for meat digests, have indicated that these nutrient 
substrates rarely yield higher viable counts than does ordinary nutrient agar, 
probably because the bacteria normally associated with fish spoilage are not par- 
ticularly fastidious with respect to their nutrient requirements. 


TRIMETHYLAMINE 


The method of Conway and Byrne (1933) as modified by Beatty and Gibbons 
(1937) for the micro-estimation of trimethylamine was followed in general. With 
laboratory made dishes somewhat larger than the ordinary ‘‘Conway dish’’, 4 ml. 
of the dilute muscle juice (equivalent to 1 gram of muscle), 0.5 ml. of approxi- 
mately 36 per cent formaldehyde, 1 ml. of saturated potassium carbonate solution, 
and an overnight incubation period of 16 to 24 hours at 25°C. gave very satis- 
factory results and close duplicates. Freshly prepared 0.01N acid and alkali 
solutions were used for neutralizing the distilled trimethylamine and for back 
titrating the excess acid respectively. 

In all the experiments the gutting, washing and icing of the fish was either 
done by, or under the supervision of, the writer, in order to ensure that all pro- 
cedures were carried out correctly both in the fishing vessel and on shore. 
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EXPERIMENT 1 


Twenty-eight halibut were dressed and the pokes scraped and washed with 
sea water as soon after catching as possible. One half the fish, selected at random, 
were iced with ordinary crushed tap water ice and the other half with similar ice 
containing 0.1 per cent benzoic acid, the fish being stowed in the boat’s hold. 
After about 24 hours they were unloaded, and after being re-iced with their 
respective ices in large boxes were stored in the ice room of a local fish company. 
The boxes were placed on large blocks of ice in order to help prevent too rapid 
melting of the ice surrounding the fish, and these were re-iced regularly throughout 
the 20 days of the experiment with the two ices. Individual fish were withdrawn 
at intervals for determining the degree of spoilage, and each fish was sampled in 
two regions as follows. Poke muscle was sampled by excising a representative 
portion of the muscle covering the ventral (white side) abdominal cavity region, 
carefully avoiding penetrating the poke itself, which is lined only by a thin mem- 
brane. Belly muscle was obtained by excising muscle from an area on the ventral 
side approximately midway along the dorsal fin and between this fin and the 
median line, but not penetrating quite to the bones. The results of this experi- 


ment are given in table I, the figures representing averages of duplicate deter- 
minations in each case. 


TaBLe I. Viable bacterial population and trimethylamine content of poke and belly muscle of 
dressed halibut iced with 0.1 per cent benzoic acid ice and with tap water ice. 





Estimation of the degree of Estimation of the degree of 

spoilage in poke muscle spoilage in belly muscle 

Age of |————_—_—_—_- a ee he eer 
fish in Ordinary ice Benzoic acid ice Ordinary ice Benzoic acid ice 


| days after —  ] 
. . v7 | . r . . ~~ . . 
catching ee ae Bacterial Trimeth-| Bacterial Trimeth-| Bacterial Trimeth- 
counts ylamine| counts ylamine} counts ylamine 








counts ylamine 








1 195 0.07 106 0.02 








0 0.09 | 0 0.00 
2 12 0.05 | 96 0.16 2 0.02 | 2 0.07 | 
3 241 0.16 | 15 0.00 0 0.09 | 0 0.00 

| 4 3,082 0.05 | 114 0.16 | 26 0.00 | 2 0.10 | 
6 | 230 0.18) ' 2,180 0.06 | 1 o1| 0 0.04 | 
8 425 0.11 684 0.13 4 0.05 | 0 0.04 | 
9 1,660 0.23 980 0.13 | - -—| - a 
11 | 117,200 1.87 22,520 0.02 | 24 0.27 | 0 0.00 | 
13 1,704,000 1.53 | 243,400 0.20 66 0.27 | 20 0.14 
14 484,000 2.12) 1,440,000 0.14 | 40 0.33| 4,100 0.13 | 
15 24,800 7.54 | 15,740,000 0.44 | a amet — -— 

| 17(a) | 13,420,000 7.00 | 1,340,000 0.39 | 228 1.89 | 124 0.11 

| 17(b) | 19,160,000 3.52 | 9,620,000 1.73 | we ont. Zs oa 
20 172,000 16.16 350,000 0.11 | 105,400 4.40 8 21 


ee oe 


*Note—lIn this and subsequent tables the viable organisms are given as number of colonies 


per gram of wet fish muscle and the trimethylamine as milligrams (CH;);N nitrogen per 100 g. 
of muscle. 
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EXPERIMENT 2 


Thirty-two halibut were iced with ordinary ice in the round on board the 
fishing boat shortly after catching. After about 18 to 20 hours they were landed, 
dressed, and beheaded and the pokes scraped and washed with tap water. The 
fish were beheaded in order to simulate commercial shipping practice as the area 
of muscle liable to infection is naturally increased thereby. One half the fish were 
iced with 0.1 per cent benzoic acid ice, the remainder wih ordinary ice, and stored 
as in experiment 1. They were only sampled in one region in this experiment, 
namely between the dorsal fin and the posterior part of the curve in the median 
line on the white surface, and the results are recorded in table II. 


TaBLe II. Viable bacteria] population and trimethylamine content of belly muscle of dressed 
and beheaded halibut iced with 0.1 per cent benzoic acid ice and with tap water ice. 





| 








Age of fish Degree of spoilage in ordinary ice |Degree of spoilage in benzoic acid ical 
in days after + — 
catching | Bacterialcounts Trimethylamine | Bacterialcounts Trimethylamine | 
| 2 1 0.14 0 0.13 | 
5 0 0.11 ] 0.04 
6 1 0.13 3 0.13 
7 3 0.07 0 0.08 
9 0 0.07 0 0.06 
12 330 0.31 8 0.17 
13 11 0.10 8 0.00 
15 108 0.24 4 0.24 
16 1,552 0.29 28 0.16 
19 80 0.61 36 0.13 
20(a) 6,160 0.75 28 0.51 
20(b) 2,120 2.75 114 0.33 
21 5,400 7.60 1,460 0.45 
23(a9 360 4.21 1,900 0.41 
23(b) 12,060 5.44 60 0.30 
24 4,160 13.90 580 0.46 














EXPERIMENT 3 


Black cod which had been iced in the round aboard the fishing boat for about 
2 days were used. They were dressed, beheaded, the pokes scraped and washed 
with tap water and iced, 11 of them with ordinary ice and the same number with 
0.1 per cent benzoic acid ice. The fish were stored and re-iced with their respec- 
tive ices as in experiment 1. The sample of muscle for analysis was taken on one 
side of the fish in the region between the middle of the first and second dorsal fins 
and from these fins down to practically the edge of the poke, care being taken not 
to go as deep as the bones nor to penetrate the poke skin itself. In table III the 
experimental results are given. 
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TABLE III. Viable bacterial population and trimethylamine content of black cod iced with 
0.1 per cent benzoic acid ice and with ordinary ice. 











Age of fish Degree of spoilage in ordinary ice |Degree of spoilage in benzoic acid ice 
in daysafter |- a= 
catching Bacterial counts Trimethylamine | Bacterial counts Trimethylamine 
4 24 0.27 6 0.44 
6 50 0.45 | 8 0.37 
9 2,240 0.33 4,100 0.21 
11 1,940 0.27 1,820 0.28 
13 13,600 0.35 9,600 0.30 
14 15,000 0.49 620 0.27 
| 16 56,000 0.50 | 26,200 0.30 
| 18 76,800 0.69 50,600 0.28 
20 | 8,800 4.75 4,000 0.33 
23 80,000 5.62 70,400 2.62 
25 9,200 2.44 26,800 0.62 
DISCUSSION 


It is apparent from the results obtained in the three carefully controlled 
experiments described that the keeping quality of halibut and black cod is only 
slightly enhanced, as judged by the bacterial and trimethylamine content of the 
excised muscle, as a result of storing them in ice containing 0.1 per cent benzoic 
acid instead of in ordinary tap water ice. Moreover this slight improvement is 
unly evidenced after 9 to 14 days in the ice, depending on which region of the fish 
is sampled. Fish iced with benzoic acid ice usually, but not invariably, have 
slightly lower bacterial counts, and a more markedly lower trimethylamine con- 
tent, than do similar fish iced in ordinary ice. This definite suppression of trime- 
thylamine formation in the presence of benzoic acid has been observed by Brock- 
lesby and Riddell (1937) in the case of halibut stored in ice, and by Tarr and 
Sunderland (1938) in fillets treated with benzoic acid containing brines. As yet 
the reason for this is not known, though, in view of the results obtained during a 
study of the formation of trimethylamine by certain bacteria associated with 
spoiling fish muscle, it may be due to a suppression of the organisms which reduce 
trimethylamine oxide to trimethylamine (Tarr 1938, 1939). 

These results are not entirely unexpected for it is well-known that benzoic 
acid is a relatively weak antiseptic, especially in the form of its neutral salts such 
as are probably formed when the aqueous solution of the free acid from the melting 
ice comes in contact with the buffering substances present in the slime and other 
parts of the fish. However, it must not be forgotten that benzoic acid ice is 
practically a sterile ice bacteriologically (Bedford 1938) even if it has only weak 
sterilizing properties, and as such may yet prove to be an essential link in the 
chain of clean fish handling methods, especially in cases where ice is manufactured 
from water of high bacterial content. In this connection it must be recalled that 
fresh water ice has been shown to be at least one source of Pseudomonas 
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fluorescens, an organism which has been found to be associated with, and is capable 






of causing, the yellow discolouration of halibut (Harrison and Sadler 1929). A 
possible objection to the use of benzoic acid in ice lies in the fact that this com- 
pound is at present prohibited in fish and fish products (Food and Drugs Act, 
Ottawa, 1938). 

The bacterial counts of the ventral poke muscle of iced halibut are consist- 
ently very much higher than those of the belly muscle of the same fish, and this is 
true of the trimethylamine content, especially in the case of fish iced with ordinary 
ice. These results might be expected from the fact that the bacteria causing 
decomposition find access through the cut surfaces near the belly cavity and gills, 
and initiate putrefaction in the nearby muscle. They are not, however, in agree- 
ment with those of Brocklesby and Riddell (1938), who found no significant 
differences in the trimethylamine content in different regions of iced halibut studied 
over a period of fifteen days. 

Some interesting information regarding the probable value of the trimethy]- 
amine test and viable bacterial counts as criteria of the age of fish stored in ice 
has emerged from these results. Bedford (1938) suggested that the poke muscle 
would be the most sensitive region to sample in order to obtain an estimate of the 
condition of halibut. This is to some extent true, for very much higher viable 
bacterial counts and trimethylamine values are obtained in this region, and also 
deterioration commences sooner here. However, the bacterial counts and tri- 
methylamine content of this muscle may be practically identical in two different 
fish even when one of them has been stored in ice four or five days longer than the 
other. This is probably due to the fact that each fish is contaminated to a differ- 
ent degree, and that in some the thin skin lining the poke is more severely lacerated 
than in others, thus facilitating-the entry of microorganisms in greater numbers. 
Similar irregularities are evidenced in the case of the belly muscle of halibut and 
of black cod, and it would therefore appear that the use of viable bacterial counts 
or trimethylamine determinations as indices of the age of fish stored in ice can 
only yield very approximate results. The use of the trimethylamine determina- 
tion alone as a criterion of freshness must be considered with particular caution 
since it has been shown that only certain types of bacteria form trimethylamine 

(Tarr 1938, 1939) and the proportion of these in spoiling fish muscle may be 
extremely variable. Before attempting to apply any single test as a sole index of 
the freshness of round fish it will not only be necessary to determine the relative 
roles of autolysis, direct bacterial action and the diffusion of the products of 
bacterial metabolism from the more highly infected regions to less highly con- 
taminated ones, but also to carefully correlate organoleptic tests, viable bacterial 
counts and trimethylamine values in fish of different age. 
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B. Evidence from the Tyrosine Reaction 


By B. E. BAILEY 


The blue colour given by tyrosine with the molybdic phosphoric reagent of 
Folin and Denis (1912) and Kolin and Ciocalteu (1927) can be applied as a sensi- 
tive method for detecting the primary breakdown of proteins. This reaction was 
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used by Bradley (1922) to measure autolysis. Its correlation with the primary 
cleavages in proteolysis was studied by Torbet and Bradley (1931). Anson (1938) 
has used it in his method for the estimation of pepsin, trypsin and cathepsin. In 
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this paper it is called the tyrosine reaction merely for convenience. Actually it 
measures the reactive tyrosine complexes and other phenols, tryptophane, cystine, 
sulphhydryl compounds and other reducing substances. The reagent is thus 
particularly applicable to the detection of tissue spoilage, since a number of the 
compounds which develop in the spoilage process will give the colour. 

This reaction was applied in the present work to extracts of the muscle of 
halibut stored in benzoic acid ice and in ordinary ice. This was done for two 
reasons. In the first place it was thought that this additional measure of the 
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change in the fish muscle would aid in assessing the value of the benzoic acid ice 
as a preservative, and secondly it was desired to compare the tyrosine reaction 
with the trimethylamine content as an indicator of spoilage. It was applied to 
the halibut of experiments 1 and 2 (pages 330 and 331), the samples being taken 
in similar regions to those for bacteria and trimethylamine, but on the dorsal 


side of the fish. 


TaBLe IV. Tyrosine reaction (mg. tyrosine per g. of muscle) of muscle of halibut iced with 0.1 
per cent benzoic acid ice and with tap water ice 


| Days after catching} Ordinary ice | Benzoic acid ice 
| Poke Back | Poke Back 











muscle muscle | muscle muscle 

1 0.087 0.087 0.091 0.089 

2 | 0.098 0.096 | 0.098 0.090 

3 0.108 0.093 | 0.112 0.098 

4 | 0.125 0.106 | 0.127 0.109 

6 | 0.112 0.112 | 0.091 0.095 

8 0.131 0.120 | 0.128 0.106 

9 0.229 0.167 0.181 0.156 

11 | 0.118 0.104 0.180 0.164 

13 0.224 0.1383 | 0.161 0.139 

14 0.146 0.122 0.190 0.139 

15 | 0.317 0.171 | 0.227 0.180 

17(a) 0.325 0.165 0.220 0.215 

17(b) 0.265 0.174 | 0.192 0.198 

20 | 0.326 0.187 0.407 0.199 
TaBLe V. Tyrosine reaction (mg. tyrosine per g. of muscle) of back muscle of halibut iced with 


tap water ice and with 0.1 per cent benzoic acid ice 





; Days after catching Ordinary ice Benzoic acid ice 
j 2 0.090 0.093 F 
; 6 0.123 0.132 
7 0.151 0.139 
: 9 0.234 0.200 
t 12 0.174 0.151 
13 0.183 0.181 
15 0.214 0.238 
16 0.184 0.197 
19 0.127 0.202 
20(a) | 0.230 0.218 
20(b) 0.301 0.266 
23(a) 0.294 0.296 
23(b) 0.305 0.250 


24 « 0.452 0.356 





PREPARATION OF SAMPLES 


The samples were prepared for the tyrosine determinations as follows. A 
small piece of muscle was finely minced and mixed thoroughly. Twenty grams 
of the minced muscle were weighed out in a small Erlenmeyer flask and 80 ml. of 
water added. The flask was shaken at frequent intervals for 30 minutes. A 
10 ml. aliquot of the muscle suspension was then mixed with 10 ml. of water and 
20 ml. of ten per cent trichloracetic acid. After standing for at least two hours 
the mixture was filtered, and the tyrosine reaction of the filtrate determined. 
The results are given in tables IV and V. 


DISCUSSION 


While the tyrosine values increased from the beginning of the experiment, 
they were irregular, due to considerable variation between the values given by 
different individual fish. Higher values were found for the muscle adjacent to 
the poke than for the back muscle after a week in storage. The tyrosine reaction 
did not indicate that there is any appreciable advantage to be gained from storing 
the fish in benzoic acid ice, the values obtained being as great, in general, in fish 
stored in this ice as in ordinary ice. 

By comparing the tyrosine values with the trimethylamine content of the 
same samples (pp. 330, 331), it can be seen that the latter gave a better measure 
of the relative freshness than did the tyrosine reaction. The trimethylamine con- 
tent remained very low until the fish had begun to spoil, when a rapid increase 
occurred. The tyrosine values, on the other hand, showed such a marked vari- 
ation between individual halibut that it would be difficult to establish a level 
above which it might safely be predicted that the fish would be unfit for use as 
food. 
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The Nesting and Embryo of Zoarces anguillaris 


By H. C. WHITE 
Allantic Biological Station 


(Received for publication April 6, 1939) 


ABSTRACT 


This North American species, unlike the European (Z. viviparus), is not viviparous, but 
deposits egg masses in cavities and guards them. 


The European eelpout (Zoarces viviparus) is viviparous, and it has been 
thought that the closely allied American eelpout (Z. anguillaris) might be also. 
However, Bigelow and Welsh (1925) have doubted this because the American 
eelpout as shown by Clemens (1920) and Clemens and Clemens (1921) contains 
many more eggs than the European species. They state “Little is known of 
the breeding habits of the American eelpout.’’ A search of the literature has 
failed to reveal any later publication referring to the spawning or development 
of this fish. 

During early January, 1931, a flounder trawl was being operated from the 
Biological Board Boat Edward E. Prince, under Captain A. E. Calder, in Blacks 





Figure 1. Zoarces anguillaris a few minutes after hatching, length 30 mm. A,—collapsed 
yolk sac. 


harbour, bay of Fundy, New Brunswick. Captain Calder gives the details as 
follows: They were dragging in about 10 metres of water having a temperature 
of zero centigrade. Among the debris when the trawl was raised was a fisherman's 
rubber boot. On examination two medium sized eelpouts (Z. anguillaris) were 
found in the boot and also a mass of eggs. The egg mass he states was the shape 
of a garden cucumber and was about 7 inches (18 cm.) long and 3% inches 
(9 cm.) in diameter and consisted of eggs enveloped in a jelly-like substance. 
These were placed in sea water in a large pan, and as the boat plunged through 
the sea the mass broke up and the young eelpouts began emerging from the 
eggs. There were 842 eggs, the most of which had hatched when some hours 
later the boat arrived at the Biological Station at St. Andrews. 
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The pan was taken into the laboratory, where further observations were 
made on the material. The eggs were 6 or 7 mm. in diameter and the well 
developed fish could be seen within. As the young emerged, each was approxi- 
mately 30 mm. in length and had an external yolk sac some 5 to 8 mm. in length 
well filled with yolk. 

Both salmon and trout in the transition from the alevin to the fry stage 
take into the abdomen a considerable amount of yolk, but this is a slow process. 
(In the case of the chicken, according to Professor A. F. Coventry of the Uni- 
versity of Toronto, the last of the yolk is taken into the body cavity more 
rapidly just previous to hatching.) But immediately after the hatching of the 
Zoarces alevin the yolk sac began to shrink, forcing the yolk into the abdomen. 
The time from the moment of hatching to the complete external disappearance 
of the yolk did not exceed twenty seconds. 





FiGURE 2. Ventral view to show: A,—collapsed yolk sac; and B,—abdomen (opened) distended 
with yolk mass. 


Specimens were preserved and these have recently been re-examined. In 
the accompanying drawings (figures 1 and 2), made from specimens preserved 
in formaldehyde solution, the contracted yolk sac may be seen between the 
pelvic fins at the jugulum. The distention of the abdomen is due to the heart- 
shaped mass of yolk (hardened in the preserved specimen) in the ventral part 
of the abdomen. In figure 2 the body wall is opened to expose this yolk mass. 

The preserved specimens have a coat of thick squamous epithelium covering 
the entire body, head and eyes. This coat is easily removed, leaving the young 
fish with bright, clean markihgs resembling the condition of a ‘‘freshly-shed”’ 
snake. 

These observations make it quite certain that the American eelpout is not 
viviparous, and from the fact of finding the eggs in a boot, it is probable that 
the egg mass is deposited in cavities and guarded by one, or possibly both of 
the parents. 

As may be seen from the figure, the young are well developed at the time 
of hatching, and may be easily recognized as being eelpouts. 
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Temporary Migrations of Gulf Stream Water on the 
Atlantic Seaboard 


By H. B. HAcHEyY 
Atlantic Biological Station 


(Received for publication June 19, 1939) 


ABSTRACT 


Analyses of 161 thermograms from vessels on the Boston-Bermuda route illustrate temporary 
migrations of Gulf Stream water during 1932-1938. A northern limit of Gulf Stream waters, 
determined by the position of the ‘‘cold wall’’, on this route varies between latitudes 36°41'N. and 
40°23'N. Average monthly positions of the northern limit indicate that more southerly positions 
follow the equinoxes. These mean monthly positions, plotted on a lagging scale, are inversely 
correlated with average monthly differences in sea level between Bermuda and Charleston, S.C., 
which inverse correlation indicates that the position of the northern limit is related to current 
strength, decrease in strength being followed by northerly migrations, and increase by southerly 
migrations. Hydrographic observations off the Canadian Atlantic coast offer some evidence of 
the influence of these migrations on the waters of this area. 


INTRODUCTION 


Following Iselin (1933, 1936), the term ‘“‘Gulf Stream”’ is reserved for that 
part of the Gulf Stream system between Blake plateau and the tail of the Grand 
banks. Off the Atlantic seaboard, Gulf Stream water, on the surface, can be 
recognized by its temperature characteristics. A northern limit of Gulf Stream 
water can be readily determined from thermograph records which fix the location 
of the ‘‘cold wall’, and Church (1937) made use of twelve hundred thermograms, 
from instruments installed on vessels making frequent and rapid crossings of the 
western part of the North Atlantic, to derive important temperature data for 
Gulf Stream and associated waters. In studying the migrations of Gulf Stream 
water in the western part of the North Atlantic as far west as the Halifax-Bermuda 
steamship route, he concluded that, progressively towards the east, the migrations 
assume a greater magnitude. In particular, he has shown that, during the short 
period of record available for the Halifax-Bermuda route, the northern limit of 
Gulf Stream water, as determined by the position of the ‘‘cold wall’’, has been 
within 230 miles (426 km.) of the coast and as far away as 420 miles (1178 km.). 

For the past ten years, the Fisheries Research Board of Canada, associated 
with the Meteorological Service of Canada, has supervised the operation of two 
thermographs on vessels of the Canadian National Steamships, making regular 
crossings of the Gulf Stream. Since 1932, these crossings were on the Boston- 
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Bermuda route, only the earlier of these records being made available for the 
previous study (Church 1937). These records indicate that large temporary 
migrations of Gulf Stream water occur on the Boston-Bermuda route. 


METHODS AND DEFINITIONS 


With two thermographs in almost continuous operation throughout the 
period 1932-1936 on vessels of the Canadian National Steamships, two to four 
temperature records of Gulf Stream crossings were obtained per month on the 
route between Boston and Bermuda. Since 1936, only one thermograph has 
been in operation and hence the number of records obtained per month has been 
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FIGURE 1. Thermograph records reduced to a temperature-pcsition scale for the Boston- 
Bermuda route between July 15, 1935, and August 10, 1935. 


halved. The thermal units of these thermographs are installed in the water 
intake to the condensers, and the instruments furnish what is equivalent to a 
surface-water temperature-time record of Gulf Stream crossings. 

In his discussion of the triangular area, Nova Scotia-Bermuda-Chesapeake 
Bay, Iselin (1936) gives a diagrammatic representation of the subdivisions into 
coastal, slope, Gulf Stream, and Sargasso sea water. The waters of these sub- 
areas show distinct temperature characteristics and can be readily differen- 
tiated by means of thermograph records. As an illustration, a record of date 
July 15, 1935, transferred to a temperature-position scale is reproduced in figure 
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1(a), and the characteristic temperatures of Gulf Stream, slope, and coastal 
waters are readily noted. Our records for the Boston-Bermuda route between 
July 15, 1935, and August 10, 1935, as reproduced with a temperature-position 
scale in figure 1, furnish a more or less continuous record of events as a large mass 
of Gulf Stream water became separated from the Gulf Stream proper and moved 
into the slope water sub-area. The northern limit of Gulf Stream water, as 
determined by the position of the ‘‘cold wall’, was latitude 39°24’N. on July 15, 
1935, and latitude 39°16’N. on July 20, 1935, while on July 29, 1935, it was located 
in latitude 39°40’N. The existence of the ‘‘cold wall’’ in the vicinity of latitude 
39°00’N. on August 10, 1935, was evidence that the warm mass of Gulf Stream 
water of a temperature of 27°C. had broken away from the Gulf Stream proper. 
After August 10, 1935, the records indicate that this debouched body of water 
had lost its characteristic temperature and was more of the character of slope 
water. 

This debouching of warm masses from the Gulf Stream into the cooler slope 
water sub-area has been noted by Church (1937) as happening at any point 
between the longitudes of cape Hatteras and Halifax. Iselin (1939) deals in some 
detail with ‘frictionally driven eddies that from time to time develop along the 
northern edge of the Gulf Stream’”’, and shows that these powerful eddies are often 
as much as 60 or 80 miles (97 to 129 km.) in diameter, and thus can extend the 
whole distance from the edge of the continental shelf to the Gulf Stream. It has 
thus been amply demonstrated by various observers that waters of Gulf Stream 
origin can exist, as a body, separate and distinct from the Gulf Stream itself. 
Iselin (1933) has furnished a very precise definition, relating the term ‘‘Gulf 
Stream”’ to a band of swift current (10 cm./sec.) and extending to great depths 
(1800 m.). He has shown too, particularly by means of a temperature section 
between Nova Scotia and Bermuda (Iselin 1936, figure 14), that surface tempera- 
tures are not always a reliable indication of the position of the deep current. In 
analysing our thermograph records, the position of the ‘‘cold wall’’ was used to 
determine a northern limit of Gulf Stream water. It should be obvious from the 
foregoing that the position of the ‘‘northern limit of Gulf Stream water’’ does not 
coincide, at all times, with the position of the ‘‘northern edge of the Gulf 
Stream”, which follows from the precise definition of Iselin already referred to. 
At the same time there is every reason to expect that variations in the position 
of the “northern limit of Gulf Stream water” reflect, to some degree, variations 
in the position of the ‘‘northern edge of the Gulf Stream’’. In the theoretical 
portion of this paper, these terms are used more or less synonymously, and with 
a knowledge of the limitations of this synonymous use. 

In the analysis of the thermograph records, the ‘‘cold wall’ was readily 
located by relating time to ship’s position, as furnished by the ship’s log. The 
thermograph clocks were of reasonable accuracy, and the recording charts were 
replaced daily, thus eliminating an accumulation of clock errors. The instru- 
ments were checked periodically against a standard mercury thermometer, and 
only on rare occasions did an error of any considerable magnitude enter. With 
the method used, it is considered that, in general, the northern limit of Gulf 
Stream water could be fixed for any recorded crossing with an accuracy of +5 
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nautical miles (9.3 km.). This accuracy is, of course, wholly dependent upon the 
accuracy of the determination of the ship’s position. The temperature records 
obtained are known to be dependable to the nearest degree Centigrade. 


NORTHERN LIMIT ON BOSTON-BERMUDA ROUTE 


The variation in the position of the northern limit of Gulf Stream water on 
39 


w 
® 


w 
~o 


LaTiTuoe NoaTH 


39 


39 


38 





37 
Jan. Fea. MMAR. Arad May Jun. Jue Ave. Seep Ocr. Nov. Ofc 


FicurE 2. Variation in the pcsition of the northern limit of Gulf 
the northern limit of Gulf Stream 


the Boston-Bermuda route, as determined by 161 thermograms, is shown dia- 
grammatically for various years of the period 1932-1938 in figure 2. The northern 
limit of Gulf Stream waters has varied between the extreme southerly position of 
latitude 36°46’N. in April, 1935, to the extreme northerly position of latitude 

















343 


40°23’N. in September, 1937. These positions are respectively 275 and 60 miles 
(510 and 111 km.) from the coast. In general, it would seem that the more north- 
erly positions are recorded in the early winter, and again in late summer, while the 
more southerly positions are attained in the spring, and again in the autumn 
months. Features of these records are the comparatively extensive northerly 
migrations in 1937 (to a lesser extent in 1935), and the comparatively stable posi- 
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Stream water 1932 to 1938, and the mean monthly position of 
water 1932 to 1938. 


tion of the northern limit of Gulf Stream waters throughout the greater part of 
the year 1934 (and to a lesser extent in 1938). 

The mean monthly positions of the northern limit of Gulf Stream waters, as 
determined from the observations of the seven year period, are also illustrated in 
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figure 2. The more northerly mean monthly positions of the northern limit of 
Gulf Stream water are experienced in January and September. What is more 
suggestive is that the more southerly mean monthly positions of the northern 
limit of Gulf Stream water are experienced in April and October, following the 
equinoxes. Most investigators are agreed that the energy of the Gulf Stream 
system is absorbed in low latitudes from the trade winds (Iselin 1938). The trade 
winds are strongest in either hemisphere when the sun has its greatest declination 
of name opposite to that of the hemisphere (Allingham 1927). At the equinoxes, 
the trade winds of the North and South Atlantic are theoretically of equal 
strength, and, due to the converging nature of the wind systems at this time, 
they may be most effective in the transfer of energy to the Gulf Stream system. 
Such reasoning suggests the possibility that the more southerly positions of the 
northern limit of Gulf Stream waters are associated with Gulf Stream current 
strengths of greater magnitude. 
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Ficure 3. Conditions in a theoretical ocean (after Rossby), before and after a transfer of 
momentum has taken place. 


The mean position of the northern limit of Gulf Stream water, on the Boston- 


Bermuda route, as determined from the records of the seven year period is latitude 
38°16'N. 


THEORY CONCERNING TEMPORARY MIGRATIONS OF A CURRENT BOUNDARY 


Rossby’s (1938) theoretical studies of the mutual adjustment of mass and 
velocity distributions in a current system offer a suggestion as to the significance 
of these temporary migrations of the northern limit of Gulf Stream waters. With- 
out giving any consideration to Rossby’s initial assumptions, or to the mechanism 
whereby a certain amount of momentum is transferred to a theoretical ocean, we 
have represented diagrammatically (after Rossby) in figure 3 the conditions before 
and after a transfer of momentum has taken place to build up a special type of 
current system. For our own purposes, ABCD represents a section of character- 
istic Gulf Stream waters at rest. To the left, in the diagram, is a section of slope 
and coastal waters, while to the right are the waters of the Sargasso sea. At rest, 
the sea surface is represented by EABF. With momentum imparted to the Gulf 
Stream waters, the section ABCD takes the form A’B’C’D’, and the sea surface 
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takes the form E’A’B’F’. The amount of momentum, imparted to a given mass, 
is reflected in the current strength, and determines the extent of the migration of 
the northern edge of the Gulf Stream (from AC to A’C’). Further, the amount 
of momentum imparted to the Gulf Stream waters (a given mass) will determine 
the difference in mean sea level between A’ and B’ and between E’ and F’. Hence, 


on this basis we might expect some correlation between mean sea level differences 
(between Bermuda and North American Atlantic coast points) and northerly 
migrations of Gulf Stream water. 


SEA LEVEL FLUCTUATIONS AND THE TEMPORARY MIGRATIONS 


Montgomery (1938) has shown that fluctuations in mean sea level between 
Bermuda and Charleston, $.C., reduced to normal atmospheric pressure, offer a 
possible means of determining fluctuations in average surface gradient currents 
normal to the line joining the two stations. The difference in sea level (Bermuda 
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Figure 4. (a) Mean monthly difference in sea level between Bermuda and Charleston as deter- 
mined from records for the period November 1932 to November 1936, reduced to normal 
atmospheric pressure; (b) mean monthly northern limits of Gulf Stream water for the 
period 1933 to 1936; (c) mean monthly northern limits on a time scale with a lag of three 
months, 


to Charleston), reduced to normal atmospheric pressure, has been taken from 
Montgomery (1938, tables 1 and 2) for each of the 47 months available, and the 
monthly averages (after adding 2.8 cm. to reduce the normal to zero) are plotted 
in figure 4. Montgomery (1938) considered that the variations in sea level, thus 
illustrated, indicated variations in the strength of the average surface gradient 
current at right angles to a line joining the two stations, the greater positive values 
indicating greater current. The mean monthly northern limits of Gulf Stream 
water, for the period 1933 to 1936 inclusive, have been calculated and also plotted 
in figure 4. The same data on the northern limits of Gulf Stream water are also 
plotted in figure 4 on a time scale which has a lag of three months. The indicated 
inverse relationship between sea level differences, and the positions of the northern 
limit of Gulf Stream water three months later becomes compatible with preceding 
theory, and variations in the northern limit of Gulf Stream waters laggingly reflect 
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variations in mean sea level differences between Bermuda and Charleston, and 
therefore variations in the current strength of the Gulf Stream, decreases in cur- 
rent strength being followed by northerly migrations of the northern limit of Gulf 
Stream waters. While there is some justification for the procedure followed in 
plotting the data, further observational data are needed to determine the real 


significance of the observed migrations of the northern limit of Gulf Stream 
waters. 


DISCUSSION 


The comparatively extensive northerly migration of Gulf Stream waters in 
1937 was associated with a comparatively high surface water temperature situa- 
tion in areas along the Canadian Atlantic seaboard. In the bay of Fundy, for 
example, the highest monthly mean of the period 1921 to 1937 was recorded for 
May, June, and August. In the neighbourhood of Belle Isle strait, the monthly 
means for June and July in 1937 were the highest on record for the period 1930 
to 1937 (Hachey 1937). The regular August cruise of the Scotian shelf (unpub- 
lished data) in 1937 indicated that the surface layer of warmer waters was of 
exceptional thickness. Exceptional temperatures were recorded for central 
Atlantic water in 1937 (Hachey 1938). On the basis of the association of these 
comparatively high surface water temperatures with comparatively large north- 
erly migrations of the northern limit of Gulf Stream waters, and the correlation 
between these northerly migrations and the current strength of the Gulf Stream, 
there is some significance to the suggestion that comparatively small current 
strengths of the Gulf Stream have a widespread effect on the surface water tem- 
peratures of Canadian Atlantic coastal areas. 

In 1934, as has been noted, the position of the northern limit of Gulf Stream 
water was comparatively stable throughout the greater part of the year, extending 
no further north than latitude 38°41’N., and for the greater part of the year 
remaining in the vicinity of latitude 38°00’N. Hydrographic conditions on the 
Scotian shelf in 1934 led to the conclusion that a transgression of marginal waters 
had taken place (Hachey 1936, Leim and Hachey 1935) as follows: ‘Bottom 
waters of higher temperatures and salinities (as compared to observations in the 
years 1932, 1933, and 1935) invaded the area during the summer months. This 
invasion of bottom waters culminated in a flooding of the area in late autumn by 
surface waters of comparatively high temperature and salinity.’’ The flooding 
of the Newfoundland area by Atlantic water reached a maximum in 1934 as indi- 
cated by a comparative study of hydrographic conditions in the years 1931, 1932, 
1933, 1934, and 1935 (Wilson 1938), and of the distribution of an indicator species 
(Frost 1938). This hydrographic situation in 1934 was associated with compar- 
atively small migrations of the northern limit of Gulf Stream waters, and probably 
a large current strength of the Gulf Stream. There is the possibility that lack of 
northward migration of Gulf Stream waters on the surface, associated with large 
current strengths of the Gulf Stream, is accompanied by northward dispersal of 
Gulf Stream waters at the greater depths, resulting in extension of Atlantic waters 
over the shallower areas of the continental shelf. Some justification may be found 
for this suggestion in a consideration of the adjustment of mass distribution that 
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might take place in a double layered ocean in the northern hemisphere. Increase 
of stream flow in the upper layer would be accompanied by a mass distribution 
adjustment in the upper layer, so that facing in the direction of the current the 
greater mass of water would be to the right of the observer (who is centrally 
located with respect to the stream). Adjustment of mass distribution in the lower 
layer would, however, be in the opposite direction. Applying this principle to the 
many layered Gulf Stream waters, it is not difficult to associate northward dis- 
persal of deeper waters with increased current strength of the Gulf Stream. 

The definite positive observations of the hydrographic conditions obtaining 
in 1934 and 1937 are of considerable interest and value. We depend on winter, 
spring, and autumn cruises, together with some continuous coastal observations, 
for data to allow an assessment of the prevailing conditions on the Scotian shelf. 
The possibility exists that conditions somewhat similar to those of 1934 prevailed, 
on a smaller scale, in 1938, and that conditions somewhat similar to those of 1937 
prevailed, on a smaller scale, in 1935, as would be expected from the correlations 
suggested in this paper. The analysis of our data of 1938 lends support to this 
view. 

Within the period 1932 to 1937, only in 1934 and 1938 was there experienced, 
on the Scotian shelf, anything of the nature of a transgression as elucidated by 
Le Danois (1934). According to him, a transgression is a periodic movement of 
variable amplitude, of Atlantic water of tropical origin, bringing a momentary 
encroachment of these waters upon the waters of polar origin, and especially upon 
continental waters. The probability that the hydrographic conditions on the 
Scotian shelf in 1934 and 1938 were associated with an increased strength of the 
Gulf Stream has been suggested, and the question .arises as to whether these 
transgressions of LeDanois are ‘associated with periodical “‘spurts’’ of the Gulf 
Stream. 

The suggestions offered in this paper are highly speculative but, as they 
have some basis in fact, they offer some probable significance to the observations 
on the temporary migrations of the northern limit of Gulf Stream water. 


SUMMARY 


The “northern limit of Gulf Stream water’’ is defined as the limit deter- 
mined, from thermograph records, by the position of the ‘‘cold wall”. The posi- 
tion of this ‘‘northern limit of Gulf Stream water’’ does not coincide, at all times, 
with the position of the ‘‘northern edge of the Gulf Stream”’. 

The more northerly positions of the northern limit of Gulf Stream waters are 
recorded in early winter and again in late summer, while the more southerly posi- 
tions are recorded in spring and again in late autumn. Calculated average 
monthly positions indicate that the more southerly positions follow the equinoxes. 
This suggests that the position of the northern limit of Gulf Stream water is 
related to current strength of the Gulf Stream. The most extensive migration of 
the northern limit of Gulf Stream water took place in 1937, while in 1934 the 
position of this northern limit was comparatively well to the south, and varied 
but little throughout the greater part of the year. 
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On the basis of the theoretical considerations of Rossby, with respect to the 
mutual adjustment of mass and velocity distributions in a current system, the 
calculated mean monthly positions of the northern limit of Gulf Stream water 
on a lagging scale are correlated with the average monthly differences in sea level, 
reduced to normal atmospheric pressure, between Bermuda and Charleston, S.C. 
The results are suggestive that variations in the northerly limit of Gulf Stream 
water reflect variations in the current strength of the Gulf Stream, decrease in 
the strength of the Gulf Stream being followed by northerly migrations of the 
northern limit of Gulf Stream water, and increase in strength followed by increased 
stability in the position of the northern limit of Gulf Stream water. 

Hydrographic observations on the continental shelf of the Canadian Atlantic 
coast lend weight to suggestions that increased current strength of the Gulf 
Stream, while causing a southward withdrawal of Gulf Stream waters on the sur- 
face, bring about a northward dispersal of Gulf Stream waters at the greater 
depths, resulting in extension of Atlantic waters over the shallower areas of the 
continental shelf. This southward withdrawal of the northern limit of Gulf 
Stream waters was most extensive in 1934, when a transgression of the nature 
elucidated by LeDanois was observed on the Scotian shelf, as well as in the New- 
foundland area. The extensive northerly migrations of the northern limit of 
Gulf Stream waters in 1937, which we suggest were associated with decrease in 
the current strength of the Gulf Stream, were accompanied by record-breaking 
surface temperature conditions in many areas on the Canadian Atlantic seaboard. 
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ABSTRACT 


Light is apparently an important factor in controlling the distribution of the herring in 
southern New Brunswick. They swim to the east just before sunrise and to the west just after 
sunset; the moon, when low in elevation, is also said to have an attractive influence. However, 
they are repelled by direct sunlight, the degree of repulsion depending upon the intensity of light 
and size of fish. During moonlight, starlight, cloudy and foggy nights, all sizes extend to the 
surface. 


INTRODUCTION 


A recent investigation (Battle, Huntsman, et al., 1936) dealing with the local 
peculiarities in fatness of the herring (Clupea harengus Linnaeus) of Passama- 
quoddy bay, New Brunswick, produced evidence which showed that the herring 
and the separate species of copepods on which they mainly thrive, have their own 
specific vertical distributions regulated by light. 

A search of the literature reveals that only few and general observations 
have been made on the relation between light and the depths at which herring 
swim. Moore (1898) observed that during bright sunlight only the very small 
herring locally known as “‘brit’’ approach the surface. Most useful observations 
dealing with the problem in hand come from Huntsman (1934) who noted times 
when the herring are attracted and when repelled by light. He observed that 
when the fish are repelled, the larger herring are affected the most. However, 
as Fish and Johnson (1937) put it, ‘‘Precise data concerning the depth at which 
herring swim are lacking”’. 


INFORMATION COLLECTED FROM FISHERMEN 


That the herring are responsive to light has long been a matter of direct 
observation by the fishermen of the Passamaquoddy region, whose weirs take 
herring mainly at certain times of the day depending upon the situation and 
construction. There are ‘evening weirs’ and ‘“‘morning weirs’’. The two weirs 
shown in figure 1, which are situated within 100 yards (91.5 m.) of each other, 
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happen to represent these two types, which the herring enter in the evening and 
morning respectively. 

Once the herring have entered, ‘‘drops’’ are let down to close the entrances 
to the weirs, otherwise, the fishermen state, the herring held in the ‘“‘morning 
weir’’ would leave it when the sun appears above the horizon, being apparently 
repelled by the strong light as they were attracted by the weaker light. Those 


FiGuRE 1. Examples of ‘‘morning weir” (at Bean I.) and “evening weir’ (at St. Helena I.); the 
former makes its capture as a result of the herring swimming toward the rising sun, and 
the latter as a result of their swimming toward the setting sun. The arrows indicate the 
courses followed by the fish. Heavy dots outline the weirs. (1 mile=1.6 kilometres) 


held in the ‘evening weir’’ would, if the drop was not let down, leave it in the 
morning, apparently as a result of attraction. It is also declared that the fish 
will move into or out of a weir going toward the moon. The fishermen sometimes 
use at night a torch, made of rags soaked in kerosene, to lead the herring into the 
weirs. During the winter, it is observed that the fish respond more slowly to 
light. 











BEHAVIOUR OF HERRING IN THE SEA 


METHODS 

As the herring changes its behaviour in reference to light as it increases in 
size, the behaviour of the various sizes must be considered more or less separately. 
The fishermen distinguish between the different sizes, giving them the following 
names: 8 to 10 cm., “brit’’; 11 to 13 cm., “‘snippers’’; 14 to 18 cm., “‘oils’’; 19 
to 23 cm., ‘‘mustards’’. These seem sufficiently satisfactory for our purpose. 

While it was possible to get a rough idea of the depth at which the herring 
were swimming by observation from a boat, this was of principal value as showing 
comparative distribution of the various sizes. When it was believed that some 
were present in a weir, although none were visible, the fishermen’s method of 
using a ‘‘feeler’’ (a black thread suspending a small lead weight) could be used to 
determine their presence above a certain depth. With the end of the thread 
looped over the tip of the index finger, contact of the thread with individual 
herring can be felt, enabling the fishermen to determine their numbers. 

A really accurate method of determining the depth at which herring swim 
is to use the hydroscope developed for observing the depth at which wood-boring 
animals attack the submerged parts of wharves (M’Gonigle 1925). The instru- 
ment actually used was a waterproof wooden box ten and a half feet long (3.2 m.) 
and six inches (15 cm.) square inside, with a window at the lower end opposite a 
mirror inclined at an angle of forty-five degrees to enable a person at the upper 
end to look horizontally ‘hrough the window. This could be used only in the 
daytime. 

For determining the vertical distribution of the herring at night, when they 
could not be seen, gill-nets were. used in the latter part of the summer of 1936. 
They were of one and a quarter inch (3.17 cm.) stretched mesh, as used for smelts, 


‘ 


and were suitable for taking the “‘oil’’ size of herring. Three of them were used 
simultaneously, one next to the surface, one close to the bottom at low tide, and 
the third half-way between. All were provided with corks and leads so as to just 
sink in the water, and they were held in position with reference to the surface by 
means of floats at the ends of the top net. 


RESULTS 

DIRECT SUNLIGHT IN EARLY AFTERNOON (1.00 To 2.00 P.M.) 

On June 17, “brit’’ were seen in a weir at Moat (Mowat) island at 2.00 p.m. 
swimming close to the surface. While ‘‘oils’’ were seen farther down, the precise 
depth was not obtained. In a weir at the head of Big, or Bocabec, bay on July 
31, at 1.00 p.m., a school of herring, found later to consist of ‘‘oils’’, was not dis- 
cernible, but was determined with the ‘‘feeler’’ as being at a depth of 10 feet 
(3m.). Ina weir at St. Helena island on August 24, with bright sunlight at 1.00 
p.m., the hydroscope revealed ‘‘oils’”’ at a depth of 10 feet (3 m.); “‘mustards” 
must have been at a lower depth, as they were found only when the weir was 
seined. 
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DIRECT SUNLIGHT IN MORNING (8.00 TO 9.30 A.M.) 


At about three hours after sunrise, ‘‘oils’’ were judged to be swimming at from 
6 to 10 feet depth (1.8 to 3 m.) at the head of Big bay on July 19 (9.00 a.m.), and 
at Bean island on June 10 (8.00 a.m.). On another occasion (at Hospital island, 
September 5, 9.30 a.m.), at the same time after sunrise, the smaller ‘‘snippers’’ 
were in such large numbers at about 4 feet (1.2 m.) from the surface, that they 
obscured the ‘‘oils’’ below them. 


CLOUDY AND FOGGY DAYS, AND IN THE SHADE 


When the sun is hidden by either clouds or fog, all sizes of herring were found 
to be closer to the surface than on similar times of the day with a clear sky. Thus 
the large ‘‘mustards’’ which remained below 10 feet (3 m.) during the bright 
sunlight of mid-day, were found to be at 10 feet during the cloudy noon of 
September 3, at Bean island. Also during a cloudy noon at Partridge island on 
September 9, the smaller ‘‘oils’’ were found meshed in the seine at a depth of 
about 5 feet (1.5 m.), while the still smaller ‘“‘snippers’’ and ‘‘brit’’ were seen 
feeding directly at the surface. During a foggy morning (9.00 a.m.) “‘oils’’ were 
still closer to the surface, being found within the upper 3 feet (0.9 m.) of water at 
Partridge island on June 11, as well as on the following day with overcast sky 
and rain at 10.00 a.m. at Moat island. 

A similar effect was observed when the sun’s light was more effectively cut 
off, e.g., by the side of a weir, that is when the herring were in the shade cast by 
the side of the weir. On September 5, at 8.00 a.m. (two hours after sunrise) in 
a weir at Spectacles island, the herring never came near the surface while in direct 
sunlight, the hydroscope revealing ‘‘snippers’’ at 2 feet (0.6 m.) in depth and 
“‘oils’’ at 4 feet (1.2 m.); but in the shade cast by the weir both sizes of herring 
came close to the surface. 


OTHER TIMES 


[When the herring were visible, it did not prove feasible to distinguish 
between one foot (0.3 m.) and lesser depths for the distance of the herring from 
the surface, unless they broke the water]. 

When the sun was just,above the horizon, the herring came near the surface, 
even when the sky was clear, as was shown by a number of ‘‘oils’’ which were 
only about one foot (0.3 m.) below the surface one-half hour after sunrise (6.00 
a.m.) at the head of Big bay on July 12. When, however, it was cloudy or foggy, 
the herring remained near the surface longer after sunrise and came near the 
surface sooner before sunset. Thus, two hours before sunset (5.00 p.m.) on 
September 18, a school of ‘‘oils’’ was seen about one foot (0.3 m.) below the sur- 
face in Brandy cove. Three-quarters of an hour after sunrise (6.30 a.m.) on 
September 3, both “‘oils’’ and the larger ‘“‘mustards” were seen breaking the sur- 
ace when feeding near Bean island. 

With weaker light, including sunrise and sunset (whether cloudy, foggy, or 
clear), herring were found near the surface. This is exemplified by the following 
observations: Sunrise and sunset. Both “‘snippers’’ and “‘oils’’ seen within one 
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foot (0.3. m.) of the surface at sunrise (Bean island, Sept. 5, 6.00 a.m.), and ‘“‘oils”’ 
breaking the surface at sunset (St. Helena island, Aug. 23, 7.15 p.m.), with the 
sky clear on both occasions. ‘‘Oils’’ seen taking food close to surface during 
cloudy morning at sunrise (Partridge island, June 19, 5.00 a.m.), and during 
foggy and cloudy evenings at sunset (Bean island, June 11, and June 12, respec- 
tively, 7.00 p.m.). Dawn and dusk. ‘Oils’ and ‘‘mustards’’ seen taking food 
close to surface at dusk, with sky clear (St. Helena island, Sept. 2, 7.45 p.m.). 
“Oils” seen within a foot (0.3 m.) of the surface at dusk; foggy (Bean island, 
June 11, 8.00 p.m.). “‘Oils’’ seen taking food close to the surface at dawn with 
sky clear (Partridge island, Sept. 1, 5.00 a.m.). “Oils” and ‘“‘mustards” seen 
taking Meganyctiphanes norvegica and breaking the surface at dawn with sky 
clear (Bean island, Sept. 3, 5.45.a.m.). Moonlight. School of herring, probably 
“oils” and “‘mustards”, breaking the surface during full moonlight (Big bay, 
Sept., 1935). Large school, size unknown, playing within one foot (0.3 m.) of 
the surface during full moonlight (Inner Passamaquoddy bay, August, 1935). 
School, probably ‘‘oils’’, breaking surface during full moonlight (Big bay, Aug., 
1936). ‘Oils’ breaking surface at midnight with moon half-full (St. Helena 
island, Aug. 23-24). Starlight. Large number of herring, probably ‘‘oils’’, and 
“mustards’’, breaking surface (Big bay, Sept., 1935). 


DARKEST NIGHTS 


These are nights with the sky heavily overcast and sometimes with rain and 
with no possibility of seeing the herring. Nets were operated on three occasions 
(between September 9 and 18) in Richardson harbour just off St. Helena island, 
and also on four occasions (September 20 to 25) in Brandy cove near the Atlantic 
Biological Station, with captures of herring as shown in table I. 


TaB_Le I. Vertical distribution of herring on darkest nights; determined by gill-nets. Bottom 
net at 6 metres. 














| Number of herring 
Locality Date | Weather | ere nremenpmnnesenents 
| | | Surface Net | Middle Net Bottom Net 
i = iecaiaeets 
Richardson harbour... a Sept. 9-10 | cloudy 9 7 | 2 
10-11 foggy 22 11 | 11 
“ " | * 11-12 | a 5d 35 | 20 | 
|Brandy cove.......... | ‘* 20-21 | cloudy | 25 13 nil 
“ | * shes | |: Ss 0 8 «6| fait 
“ | «22.23 | ' | 25 9 2 | 
| ‘* 24-25 foggv 10 3 1 | 





It will be seen that uniformly the herring were taken in largest numbers in 
the surface net and in smallest numbers in the’ bottom net, with none at the 
bottom on two occasions. Since the nets were set half-an-hour before it became 
fully dark and were lifted at variable times after it began to brighten in the 
morning, it cannot be considered certain that the herring stay in greatest numbers 
close to the surface during such dark nights. It may be that they swim at all 
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depths during the dark night and are only attracted in the main to the surface 
during the weak light of dawn. 


BEHAVIOUR OF HERRING IN TANKS 


Observations made on herring of the size known as “‘oils’”’ in an outdoor 
wooden tank (5 ft. long, 3 ft. wide, and 3 ft. deep, 1.5x0.9x0.9 m.) containing sea 
water at 15°C., showed that wherever the surface of the water was entirely 
illuminated by direct sunlight, the herring remained near the bottom. When 
only half the water was in direct sunlight, the fish in swimming around the tank 
extended to the surface in the shaded portion but always descended close to the 
bottom on swimming into bright sunlight. In the absence of bright sunlight, 
they extended to the surface at all times—dawn, sunrise, cloudy days, sunset, 
dusk, moonlight, starlight, and cloudy nights. 


ACKNOWLEDGMENTS 


The author wishes to express his sincere thanks to Dr. A. G. Huntsman for 
an introduction into the study of marine biology, for criticism of the manuscript, 
and for stimulating the investigation in many ways. The Biological Board of 
Canada furnished financial assistance through laboratory space, apparatus, boats. 
and living expenses. Dr. A. H. Leim has rendered many personal favours, and 
Mr. E. G. Rigby much technical advice. A Fellowship awarded by the Woods 
Hole Oceanographic Institution made the investigation possible during the sum- 
mer of 1936. The author is extremely indebted to the many fishermen of Pas- 
samaquoddy bay, and in particular to the fine hospitality of Mr. and Mrs. W. 
H. Lord and of Mr. and Mrs. Maxwell Lambert of Deer island, at whose homes 
the author lived during part of the summer of 1936. 


SUMMARY 


In the absence of appreciable light (moonlight, starlight, cloudy and foggy 
nights), all sizes (up to 23 cm. long) of herring are found quite near the surface. 

During the weak light of dusk and dawn, all sizes may still be found no more 
than a foot (0.3 m.) from the surface. 

Once the sun rises above the horizon, the higher the sun and the larger the 
fish, the farther down the latter are to be found, at mid-day in June, “‘oils’’ (14 to 


18 cm. long) being at 10 feet (3 m.) or deeper, and ‘“‘mustards”’ (19 to 23 cm. long) 
being deeper than 10 feet. 
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Le Poisson Frais 
I. Le Role du pH sur la Conservation du Poisson 


Par ARISTIDE NADEAU 
Station Expérimentale de Péche de la Gaspésie, P.Q. 


(Received for publication April 10, 1989) 


RESUME 


L’abaissement de pH influe considérablement sur le mécanisme de réduction de l’oxyde 
de triméthylamine contenu dans la chair du poisson. 

Dans le jus musculaire, conservé 4 0° C., la formation de triméthylamine diminue graduelle- 
ment avec l’augmentation de l’acidité jusqu’a pH 5.0, ot alors elle est pratiquement arrétée. 

Les filets de morue tamponnés avec l'acide citrique ou lactique vers ce méme pH peuvent 
se conserver a 0° C. de vingt-cing 4 trente jours sans décomposition appréciable. 


INTRODUCTION 


La chair du poisson vivant est généralement stérile. Dés sa sortie de l’eau, 
les micro-organismes de la surface et des organes internes pénétrent petit a 
petit dans les tissus de faible consistance et, en peu de temps, la décomposition 
commence. De plus elle est favorisée durant les différentes manipulations que 
le poisson doit nécessairement subir avant d’atteindre le consommateur. 

Beatty et Gibbons (1937) ont prouvé que les filets frais, tranchés dans les 
conditions idéales de propreté et conservés 4 la température de la glace fondante, 
ne peuvent se conserver que pendant dix A douze jours. 

En pratique, dans l'industrie des filets frais, malgré la propreté et la basse 
température des ateliers, il est impossible d’atteindre les conditions idéales de 
manipulation. II en résulte que la durée de fraicheur du poisson se trouve de 
ce fait réduite, et les filets subissent parfois une forte altération avant d’atteindre 
les centres de consommation. 

Le but de ce présent travail est précisément de prolonger la période de 
fraicheur du poisson. Si l’on réussit d’une maniére ou d’une autre A diminuer 
l’activité des micro-organismes, on pourra conserver le poisson pendant un 
temps plus ou moins long suivant |’efficacité des moyens employés. L’abaisse- 
ment de la température prolonge |’état de fraicheur du poisson, mais méme 
a 0°C., la décomposition est assez rapide, comme nous venons de le voir. 
Puisqu’il s’agit ici de filets frais, on ne peut songer’ a abaisser davantage la 
température. Il ne reste qu’A augmenter la résistance de la chair du poisson 
elle-méme contre l’infection, si l’on veut atteindre le but désiré. 
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Peu de temps aprés sa mort, le poisson entre dans l’état de rigor mortis, 
ou il y a formation naturelle d’acide lactique (Sharp 1935). Le pH baisse, et, 
durant ce temps, la décomposition est retardée. II est reconnu que la durée 
de conservation du poisson est en raison directe de la durée de l'état de rigor. 

Il y aurait donc moyen d’appliquer artificiellement ce principe dans la 
chair du poisson par addition d’acides, et, par le fait méme, d’en prolonger la 
période de fratcheur. Sevdn (1933), en travaillant sur la viande et le poisson, 
a prouvé que, par addition d’acide chlorhydrique et de sel, il pouvait en pro- 
longer l’état de fraicheur. Gibbons (1934), en suivant la méme technique a 
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FiGure 1. L’effet du pH sur la formation de triméthylamine dans le jus musculaire tamponné 
au moyen de lactate 4 0° C. 
i 


réussi 4 augmenter de quelques jours la durée de conservation du filet. II faut 
remarquer cependant que celui-ci n’a pas ajouté la quantité d’acide nécessaire 
dans la chair pour neutraliser son pouvoir tampon, qui tend 4a rétablir le pH ' 
original (6.6 4 6.8). En conséquence, en peu de temps, les conditions étaient ' 
redevenues normales. : 
Dans le but d’étudier la vitesse de décomposition de la morue en relation 
avec la variation de pH, des expériences ont été faites sur le jus musculaire 
et sur les filets entiers tamponnés 4a différents pH. 


JUS MUSCULAIRE 
MODE D’OPERATION 


Le poisson le plus frais possible est tranché en filets aussit6t arrivé au la- 
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boratoire, puis passé au hache-viande et pressé pour en extraire le jus qui est 
maintenu a basse température pendant ce temps. Des quantités égales d’ex- 
trait sont tamponnées a l’aide de diverses solutions. 

Une premiére série est faite avec un mélange en différentes proportions 
d’acide lactique 0.1 N, d’acide chlorhydrique 0.1 N et de soude 0.1 N, pour 
obtenir les pH désirés; une autre avec les tampons aux phosphates (phosphate 
monopotassique M/15, phosphate disodique M/15 et acide phosphorique 0.1 1), 
et une troisiéme série avec l’acide citrique 0.2 N et la soude 0.1 N. Le tout 
est placé dans la glaciére maintenue 4 0° C. + 1. Le pH est vérifié dans chaque 
cas au moyen de |’électrode de verre. 
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Ficure 2. L’effet du pH sur la formation de triméthylamine dans le jus musculaire tamponné 
au moyen de phosphates et de citrate 4 0° C. 


Beatty et Gibbons (1937) ont démontré que le dosage de la triméthylamine 
est une méthode sfire pour le contréle de |’état de fratcheur du poisson. La 
technique suivie pour ce dosage est celle mise au point par ces auteurs. La 
quantité de triméthylamine trouvée est exprimée en mg. d’azote dans 100 cm‘. 
Les pH indiqués sur les figures 1 et 2 sont les pH au début de |’expérience. 


RESULTATS 

Dans la premiére série en présence d’acide lactique, l’échelle de pH varie 
de 3.8 4 7.4 avec un témoin a pH 6.6 contenant le jus musculaire et de l’eau 
distillée en quantité équivalente 4 la solution tampon ajoutée dans les autres 
cas. 
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Au bout de sept a huit jours (figure 1), la formation de triméthylamine est 
d’autant plus rapide que le pH est plus élevé. Pour les pH 7.4, 6.7 et 6.6 (témoin), 
l’allure des courbes est 4 peu prés la méme avec un certain décalage. Mais a 
pH 6.0, la formation de la base aminée est beaucoup moins rapide, et, ce qui 
est le plus intéressant 4 constater, elle est pratiquement nulle entre pH 5.2 et 
3.7. Méme aprés soixante jours dans cette zone de pH, la quantité d’azote 
triméthylaminé n’est jamais supérieure 4 1 mg. dans 100 cm‘. II faut aussi 
noter l’absence d’odeur désagréable dans ces milieux. 


Il y a donc, d’aprés la figure 1, un certain pH compris entre 6 et 5 ot l’amine 
ne peut plus se former. Ainsi il semble que dans cette région la décomposition 
soit arrétée, puisque les odeurs putrides n’apparaissent pas. 

La figure 2 nous montre les résultats obtenus avec les tampons aux phos- 
phates et au citrate dans la zone de pH la plus intéressante (6.0 a 3.5). Le 
méme phénoméne se produit de nouveau. II y a un certain pH au-dessus duquel 
la triméthylamine ne peut se former. Mais cette fois, ce pH limite est un peu 
déplacé; il semble étre inférieur 4 5.0. Les phosphates seraient légérement 
moins efficaces comme tampons que I’acide lactique. Aprés vingt jours, il s’est 
produit, avec le tampon au citrate, une anomalie difficile 4 expliquer. La courbe 
d’azote triméthylaminé monte plus rapidement 4 pH 5.2 qu’a pH 5.9. 

Un fait intéressant 4 noter est la variation de pH dans les milieux ot il y 
a formation importante de triméthylamine, comme on peut le constater par le 
tableau I. A toute augmentation de base aminée correspond une élévation de 
pH. Dans les autres milieux ov il n’y a pas formation de triméthylamine, le pH 
reste constant. 


TABLEAU I. Variation de pH 


























pH Jours 
Tampons audébut |————————————— ~ - 
12 22 40 
pH (N:)) | pH (N) | pH = (MN) 
Témoin 6.6 | 7.6 (32.0) 
| Lactate 7.4 | 8.0 (62.0) 
6.7 7.8 (40.0) 
6.0 6.15 (5.0) | 
5.2 5.2 (0.2) | 5.2 (0.4) 
4.7 4.8 ( 0.2) | 4.7 (0.3) | 
4.1 4.1 an I | 4.0 (0.3) 
3.7 3.8 ( 0.2) 3.8 (0.2) 
Phosphate 5.7 Co 6.4 (56.0) | 
| 5.0 6.1 (51.0) | 
4.4 4.4 ( 0.3) 
Citrate 5.9 6.9 (47.0) 
5.2 6.3 (57.5) | 
4.6 4.6 (1.0) | 
| 3.7 3.7 ( 0.4) 


Les chiffres entre parenthéses indiquent mg. d’azote triméthylaminé dans 100 cm’. 
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FILETS ENTIERS 


Il est donc possible, d’aprés les résultats obtenus avec le jus musculaire, 
de prolonger la période de conservation du poisson en abaissant le pH. II reste 
maintenant a répéter les mémes expériences sur les filets dans le but de constater 
si des résultats semblables peuvent étre obtenus. 


MODE D’OPERATION 

Le poisson a naturellement une chair assez fortement tamponnée. La 
principale difficulté est de baisser le pH des filets le plus rapidement possible, 
afin de les laisser moins longtemps en présence des solutions acides. Si l’immersion 
est trop prolongée, ils deviennent gélatineux en surface et se ramollissent. 

Trois 4 quatre heures aprés sa sortie de l’eau, le poisson est tranché en filets, 
puis plongé aussit6t dans les solutions 0.2 M de phosphates, d’acide lactique 
ou d’acide citrique. Des échantillons sont pris de temps a autre, et, quand le 
pH désiré est obtenu, les filets sont retirés de la solution, égouttés, puis enve- 
loppés séparément dans du papier parchemin et placés 4 0° C. + 1. 

Le dosage de la triméthylamine sert, comme plus haut, de contréle de la 
fraicheur du poisson. A chaque détermination, un filet des différents échantillons 
est tranché et passé au hache-viande. La pulpe ainsi obtenue est centrifugée 
pour en extraire le jus musculaire. Le dispositif employé pour cette opération 
est une cartouche en treillis de monel, suspendue dans un tube a centrifuge. 
Le dosage de la triméthylamine est fait sur 1 cm* d’extrait centrifugé selon la 
technique suivie plus haut. En méme temps le pH est vérifié sur chaque échan- 
tillon de jus. 


RESULTATS 

La figure 3 nous donne l|’ensemble des résultats obtenus avec les filets qui 
ont trempés dans différentes solutions de phosphate monopotassique, d’acide 
citrique ou d’acide lactique. 


PHOSPHATE 

Le phosphate, loin de conserver la fraicheur du poisson, favorise plut6t sa 
décomposition. La formation de triméthylamine est plus importante dans les 
filets traités (pH 6.4 et 6.2) que dans le témoin (pH 6.8). Sans doute de meilleurs 
résultats seraient obtenus si le pH baissait davantage. Mais au bout de sept 
a huit heures, il se fait un équilibre ot il n’y a plus de variation de pH. 


ACIDE CITRIQUE 

Dans le but de constater quelle pourrait étre la’ vitesse d’abaissement 
possible de pH, un premier essai a été fait avec une solution d’acide citrique 
0.2 M. Le pH 4.6 a pu étre atteint assez facilement. Comme on le voit sur la 
figure 3, la conservation du poisson a ce pH se prolonge au moins durant quarante 
jours. 

Dans un autre essai, il n’a fallu que trois heures pour abaisser le pH des 
filets 4 4.8. A pH 5.4 (figure 3), le poisson se conserve en bon état jusqu’é quinze 
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jours environ, pendant qu’a pH 4.8, méme aprés vingt-cing jours, il y a moins 
de 1 mg. d’azote triméthylaminé dans 100 cm. 


ACIDE LACTIQUE 


C’est l’acide lactique qui semble fournir les meilleurs résultats. Méme a 
pH 5.7, la formation de triméthylamine est encore faible aprés vingt jours. La 
conservation du poisson se prolonge davantage a pH 5.0, et a pH 4.7 il n’y a 
que 3 mg. d’azote triméthylaminé dans 100 cm! aprés trente-six jours 4 0° C. 

Au point de vue pratique, l’abaissement de pH avec l’acide lactique est 
plus lent qu’avec l’acide citrique, du moins pour les quelques expériences qui 
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Ficure 3. L’effet du pH sur la formation de triméthylamine dans les filets tamponnés au 
moyen de phosphates, d’acide citrique et d’acide lactique 4 0° C. Le pH indiqué sur les 
courbes est le pH moyen. 


ont été faites A date. C’est un désavantage qui favorise le ramollissement de la 
chair par immersion prolongée et qui doit étre évité le plus possible. 

La variation de pH se produit de nouveau ot il y a formation importante 
de triméthylamine comme dans le cas du jus musculaire, c’est-d-dire aux pH 
au-dessus de 6.0. Cependant cette variation est pratiquement nulle dans la zone 
de pH la plus intéressante (5.5 a 4.5). 


ESSAI ORGANOLEPTIQUE 


L’essai organoleptique a été fait sur des filets traités a l’acide citrique aprés 
un séjour de cing et de vingt-quatre jours a la glaciére. Dans les deux cas, les 
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filets conservés 4 pH 4.8, n’ont dégagé aucune odeur désagréable a la cuisson. 
Ils étaient excellents 4 déguster et n’avaient qu’un léger gofit acide; ce qui est 
généralement préféré pour le poisson. 


DISCUSSION 


Durant les premiers stages de la décomposition du poisson, il se forme des 
bases azotées composées en grande partie d’ammoniac et de triméthylamine. 
La formation de triméthylamine est due totalement a la réduction de l’oxyde 
de triméthylamine par les bactéries, (Beatty 1938). 

L’ensemble des résultats obtenus démontre qu’avec l’abaissement de pH 
dans la chair du poisson, le milieu devient de moins en moins favorable a la 
réduction de l’oxyde de triméthylamine, qui est arrétée 4 pH 5.0. Aux pH 
supérieurs, ol il peut se produire un commencement de décomposition, la mise 
en liberté des bases azotées, dés les débuts de cette décomposition, a pour effet 
de tendre 4 remonter le pH. II s’ensuit alors que les premiers produits de 
décomposition, les bases azotées, rendent plus favorables les conditions du 
milieu ot agissent les micro-organismes, et par conséquent activent la décom- 
position. Il est trés intéressant d’avoir pu localiser une limite de pH ou, a 0° C., 
la formation de triméthylamine est presque nulle méme aprés trente jours. En 
conséquence |’odeur de poisson n’apparait pas durant cette période. 

En bas de cette limite de pH (5.0), puisqu’il n’y a pas formation de triméthy- 
lamine, deux hypothéses peuvent étre émises: soit que les bactéries ne puissent 
plus se développer, soit qu’elles n’aient pas le pouvoir de réduire l’oxyde sous 
une telle acidité. Beatty et Gibbons (1937) ont prouvé que dans les conditions 
naturelles de pH, a 0° C., la courbe d’augmentation de la triméthylamine était 
paralléle a l’augmentation du nombre des bactéries. Cela n’est pas nécessaire- 
ment vrai si l’acidité du milieu est changée, et il reste A le prouver. Nous sommes 
portés a croire cependant que l’augmentation de |’acidité du milieu, en retardant 
la formation de triméthylamine dans la chair du poisson, retarde aussi le 
développement, du moins, de certains types de bactéries, parce que les tests 
organoleptiques suivent assez exactement la courbe de |’augmentation de la 
triméthylamine. La continuation de ces travaux devrait éclaircir cette question. 

D’aprés ces résultats, il semble que le facteur qui influe sur la conservation 
est le degré d’acidité et non |’action préservative de l’acide lui-méme, puisque 
la réduction de l’oxyde de triméthylamine est arrétée dans tous les cas vers le 
méme pH. Sogo Tetsumoto (1933), qui a étudié l’action de différents acides sur 
certaines bactéries, conclut que l’action stérilisante dépend du pH de la solution 
et est indépendante de la sorte d’acide employé. De méme Fust (1929) constate 
que les tampons lactate-acide lactique compris entre pH 3.7 et 3.3 ont une action 
toxique sur le colibacille. 

Si en réalité le pH 5.0 est toxique pour les bactéries a la température de 
0° C. dans la chair du poisson, et c’est dans ce sens que ce travail est continué, 
il deviendrait possible de prolonger la durée de conservation du filet frais. Cela 
permettrait aux producteurs de le distribuer en meilleur état et aussi avec 
moins de risques. 
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CONCLUSIONS 


Bien que les résultats obtenus 4 date soient plut6t préliminaires, leur 
ensemble permet d’affirmer que l’abaissement de pH dans la chair du poisson 
exerce une grande influence sur la réduction de l’oxyde de triméthylamine. Les 
expériences faites sur le jus musculaire et sur la chair elle-méme laissent voir 
clairement que le pH 5.0 est la limite inférieure ot il y a formation de triméthy- 
lamine dans le poisson conservé 4 0° C. durant au moins les trois premiéres 
semaines de conservation. La plus grande difficulté, dans le cas du filet, est 
l’abaissement rapide de pH. Dans les conditions actuelles de |’expérience, le 
pH 5.0 est obtenu en trois heures en moyenne. 

Les phosphates ne sont pas efficaces comme tampons dans le jus et la chair 
du poisson. Par contre les acides organiques que l’on rencontre déja dans 
certains aliments, tels que l’acide citrique et l’acide lactique, donnent de bons 


résultats. A pH 5.0, ils en prolongent la conservation jusqu’au dela de vingt- 
cing jours a 0° C. 
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An Addition Compound of Histidine 


By W.W. JOHNSTON AND M. L. JOHNSTON 
Atlantic Fisheries Experimental Station 


(Received for publication May 18, 1939) 


ABSTRACT 


A compound formed from muscle extracts of mackerel and tuna has been isolated and iden- 
tified. Experiments showed that it crystallizes readily from water and alcohol, and analysis 
identified it as an addition compound of barium nitrate with histidine, two molecular weights of 
the latter uniting with one of the former. 


During the course of an investigation on the extractives of certain fish found 
in the waters off Nova Scotia, a compound was isolated which has been identified 
as an undescribed compound of histidine. This salt was obtained from an 
aqueous extract of tuna and mackerel and the purpose of this paper is to describe 
its identification. 

The presence of histidine in a variety of plant and animal tissues has been 
recognized for many years (Hoppe-Seyler and Thierfelder 1924, p. 265). Its 
presence in the flesh of certain species of fish was demonstrated by Suzuki and 
Mihata (1912), who isolated it as the methyl ester of histidine dihydrochloride. 

Acting as a base, histidine forms well known salts with many organic and 
inorganic acids such as hydrochloric, nitric, phosphotungstic, picric, tartaric and 
picrolonic acids. It is also known to form addition compounds usually with acid 
salts as silver nitrate, platinum and cadmium chlorides (Hoppe-Seyler and Thier- 
felder 1924, p. 267). 

Acting as an acid radical, histidine may form salts with certain metals such 
as iron and with betaine (Abderhalden 1923, p. 215). 

Pfeiffer and Modelski (1912 and 1913) and Pfeiffer and Wittka (1915) have 
shown that some of the amino acids, notably glycine and alanine, may form addi- 
tion compounds with several neutral salts, including barium, strontium, calcium, 
magnesium and lithium chlorides, and several of the iodides and bromides of these 
metals. Much of the foregoing work was confirmed by King and Palmer (1920). 
These inorganic salts may unite with the amino acids in several different propor- 
tions. Thus one mole of calcium chloride, for example, may yield three different 
compounds with glycine, uniting with either one, two or three moles of the latter. 

Accordingly if one considers histidine as merely a derivative of alanine, the 
possibility of the formation of double salts with histidine and neutral compounds 
becomes apparent. In fact, Lawrow (1899), in an investigation of the histones 
of leucocytes, prepared a histidine compound containing barium and chlorides. 
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On the basis of his analysis for chlorides, he suggested that his compound was a 
complex double salt with the following formula: 


(CgsHgN;O2 2HCl)>2 BaCl, 2H:0 


EXPERIMENTAL 


The histidine salt to be described below was prepared from tuna and mack- 
erel by the following procedure. The minced muscle was extracted three times 
with water at a temperature of about 80°C. and the coagulum separated by filtra- 
tion. The extract was evaporated at 80°C. to about one-tenth of its original 
volume; the liquor was adjusted to pH 3.0 with hydrochloric acid and treated 
with mercuric chloride. After standing overnight, the precipitate formed was 
filtered off and discarded, and the reaction of the filtrate brought to pH8 with 
sodium hydroxide. The precipitate formed was filtered off, carefully washed, 
suspended in water and treated with hydrogen sulphide. The mercuric sulphide 
was discarded and the filtrate aerated to free it from hydrogen sulphide. Excess 
silver nitrate was added and the precipitate formed was removed and discarded. 
The filtrate was then treated with barium hydroxide until it was strongly alkaline 
to litmus, and the precipitate formed was filtered off, washed, suspended in water 
and treated with hydrogen sulphide. The silver sulphide was filtered off and 
excess hydrogen sulphide removed by aeration. The filtrate was then treated 
with carbon dioxide, and the precipitate formed from excess of barium hydroxide 
was removed by filtration; the filtrate was then concentrated to a small volume 
and allowed to stand overnight, when the crude salt separated out. The latter 
was dissolved in water, treated with charcoal and re-crystallized twice from water, 
then from alcohol. The crystals appeared as fine needles. They melted with 


decomposition at 276 to 277°C. On analysis they showed the following com- 
position (percentages): 


SOI aN aME ts SS g IR s' tal Gc areas 25.2 
NT all as eth Sas ho Wate aay -t ao ea . §.35 
Nitrogen (Dumas).... Fa rpckpie ah SL a 
Barium. . pani Sadak ad eile a ette 23 .9 
Oxygen (Diff.).......... sie si gch'g > 


This indicated an empirical formula of 
Gy. Hig Ng Orc Ba 

The compound according to the procedure of Koessler and Hanke (1919) 
showed a molecular colour value on diazotization of 133,000,000. The molecular 
colour value of histidine dihydrochloride is 114,000,000 (Koessler and Hanke 
1919). Similarly it showed a strongly positive Knoop’s reaction as applied by 
Hunter (1922a). As far as Hunter (1922b) was able to learn the only compounds 
giving this reaction were histidine and histamine and their simple salts. 


The barium crystals were freed of barium with the calculated amount of 
sulphuric acid, then treated with an excess of nitric acid. This liquor was evap- 
orated at room temperature in a vacuum desiccator and the crystals formed were 
washed with alcohol. They were then re-dissolved and crystallized from alcohol. 
When heated slowly the crystals browned and decomposed at about 148 to 151°C, 


With more rapid heating the crystals decomposed rather sharply at from 152 to 
154°C. 
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Histidine di-nitrate is reported to melt at 149 to 152°C. There can be no 
doubt, therefore, that the compound was a derivative of histidine. 

A nitrogen determination on the barium compound by the Kjeldahl pro- 
cedure without previous reduction showed nitrogen values much below those 
determined by the Dumas method. This indicated the presence of a nitrate 
group in the molecule, which fact was confirmed by the usual phenol-sulphuric 
acid, and the ferrous sulphate-sulphuric acid colour tests. It seemed probable, 
therefore, that the salt was a compound of histidine with barium nitrate. 

To confirm this, 0.5 grams of histidine dihydrochloride were weighed out and 
treated with 10 ml. of nitric acid and 3 grams of silver nitrate. The silver 
chloride precipitate was removed and the filtrate treated with 40 grams of barium 
hydroxide dissolved in a minimum of water. The precipitate was removed, 
washed, and then suspended in water and treated with hydrogen sulphide. The 
precipitate of silver sulphide was removed, and the filtrate aerated to remove the 
hydrogen sulphide and saturated with carbon dioxide to remove the excess barium 
hydroxide. The barium carbonate was filtered off and the filtrate evaporated 
to a volume of about 5 ml., then treated with an equal volume of 95 per cent 
ethyl alcohol. After allowing to stand overnight the usual needle-shaped crystals 
separated out. A yield of 0.2 gram was obtained. This was re-crystallized twice 
more, then dried and analysed for barium and nitrogen. The nitrogen deter- 
mination was carried out after reduction of the nitrate group according to the 
modified Kjeldahl method as outlined by Griffin (1927, p. 90). The barium was 
determined gravimetrically by the usual barium sulphate method. 


Results of the analysis showed the compound prepared from histidine di- 
hydrochloride to contain: 


See cing 5 vie catia 24.2% 
a ae i ce tte 


For purposes of comparison a summary is shown below of the analysis of the 
compound prepared from tuna or mackerel, of that prepared from histidine di- 
hydrochloride, and of that calculated for the barium salt of histidine nitrate. 


Salt prepared Calculated for 


Salt prepared from histidine barium salt of 
from tuna dihydrochloride histidine nitrate 
Carbon (per cent)......... 25.2 Tass 25.2 
Hydrogen (per cent)...... 3.35 ae 3.2 
Barium (per cent)........ 23.9 24.2 24.1 
Nitrogen (per cent)....... 19.5 19.7 19.6 


It appears, therefore, that in so far as the empirical analysis is concerned, the salt 
isolated from tuna and mackerel can be considered as a compound made up of 
one atom of barium with two molecules of histidine nitrate. This conception 
found favour with the earlier work of Pfeiffer and Modelski, who believed they 
had succeeded in forming true amphoteric compounds with alanine and glycine 
and certain neutral salts such as barium and calcium chlorides. Later, however, 
Pfeiffer and Wittka showed that neutral salts formed compounds not only with 
the amino acids themselves but also with the anhydride of glycocoll, and that 
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potassium bromide formed an addition compound with four molecules of sarkosin. 
These facts could not be explained adequately by the previous amphoteric salt 
hypothesis of Pfeiffer and Modelski, and Pfeiffer and Wittka now suppose the 
metal portion of the inorganic salt to be attached to the closed ring form of 
glycine by means of a residual affinity of the carbonyl group. 

It is apparent, therefore, that in so far as the analysis of the salt described is 
concerned, it is quite satisfactory to consider it as the barium salt of histidine 
nitrate. If, however, the later conceptions of Pfeiffer and Wittka are adhered 
to, the structural formula of the compound must be written as 


/HC—C-CH5-CH-C=0\ BalNO3)> 
| | | NF3 
\HY ON L 6 

\ CH /2 


\ 


SUMMARY 


A compound of histidine crystallizing readily in the form of needles from 
alcohol or water has been prepared from a muscle extract of mackerel and tuna. 
It has been identified as an addition compound of barium nitrate with 

histidine, two molecular weights of the latter uniting with one of the former. 
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The Bacterial Reduction of Trimethylamine Oxide to 
Trimethylamine 


By H. L. A. Tarr 
Pacific Fisheries Experimental Station 


(Received for publication February 13, 1939) 


ABSTRACT 


Only three of thirty microorganisms isolated from seven samples of fresh or lightly smoked 
sea fish muscle in various stages of decomposition reduced trimethylamine oxide to trimethylamine. 
This reduction is due to an enzyme, which activates trimethylamine oxide rendering it susceptible 
to reduction by many of the dehydrogenases of the bacterial cell. This enzyme, as it occurs in 
the intact cell, is apparently completely inhibited by toluene-treatment but not by cyanide. 
It has not yet been obtained in cell-free state, and its substrate specificity has not been de- 
termined. Putrid fish muscle, with negligible amounts of trimethylamine, has been obtained 
by inoculating aseptically excised fish muscle with non-trimethylamine forming bacteria. 


In 1909 Suwa isolated trimethylamine oxide from sea fish, and later Poller 
and Linneweh (1926) showed that this compound is reduced to the corresponding 
amine during the bacterial spoilage of such fish. Recently Beatty (1938) has 
shown that it is practically certain that 94 per cent of the trimethylamine found 
in decomposing codfish muscle arises from the trimethylamine oxide present 
therein, and not from other possible precursors. Sterile muscle press juice 
(Beatty and Gibbons 1937) and fish muscle (Brocklesby and Riddell 1937) do 
not reduce the oxide. These observations have led to the suggestion that the 
simple determination of the amount of trimethylamine present in spoiling sea 
fish muscle might prove a convenient and accurate chemical test by which the 
stage of decomposition could be judged (Boury and Schvinte 1935; Beatty and 
Gibbons 1937; Shewan 1937), and attempts have been made to compare the 
viable bacterial counts (or logarithms of these counts) with the amount of 
trimethylamine in codfish muscle juice (Beatty and Gibbons 1937) or in spoiling 
haddock muscle (Shewan 1937). Recent work at this Station (Tarr 1938; Tarr 
and Sunderland 1938; Tarr and Bailey 1939) has shown that, while there is 
undoubtedly an increase in trimethylamine as the bacterial population of iced 
‘“‘round”’ fish or of lightly smoked fillets increases, there is by no means a uniform 
relationship between these two values. The most probable cause of this 
discrepancy is shown by the experiments to be described. 


EXPERIMENTAL 


The trimethylamine-producing action of thirty different microorganisms 
found in spoiling fish was investigated. Cultures of these organisms were isolated 
by picking colonies at random from nutrient agar “‘roll tubes’’ which had been 
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prepared in order to determine the viable bacterial populations of fresh or 
lightly smoked fish muscle. These cultures were obtained from seven different 
sources (see table I), the fish being in various stages of decomposition. They 
were classified, with exception of the yeasts, as closely as possible according 
to Bergey (1930), but, since only a few of them corresponded exactly with the 
species listed by Bergey, only the genus has been recorded in this work. 


REDUCTION BY ISOLATED CULTURES 


The following methods were employed in order to ascertain how many of 
the isolated cultures were capable of reducing trimethylamine oxide to tri- 
methylamine. 

(1) Fresh halibut muscle (presumed from previous work to contain tri- 
methylamine oxide) was minced finely and mixed thoroughly with twice its 
weight of distilled water. The muscle debris was removed by gravity filtration 
through coarse filter paper, the filtrate being clarified by passing it through a 
Berkefeld V filter, and finally sterilized by filtration employing either a Seitz 
asbestos or Berkefeld W filter. The resulting extract was tubed in 3-ml. portions 
in 1.2 x 15 cm. tubes and its sterility checked prior to inoculation. In order to 
determine whether a given culture produced trimethylamine from this medium 
a trace of growth from a 24 to 36 hour old culture of the organism being studied 
was inoculated into one tube and this was incubated 4 days at 25° C., the volatile 
base being estimated in duplicate 1-ml. portions of the resulting culture fluid. 


(2) Washed suspensions of the cells of the organisms were prepared by 
growing them on large dishes for 24 to 36 hours at 25° C. using ‘“‘Bacto”’ nutrient 
agar. The cells were suspended in sterile distilled water, centrifuged under 
aseptic conditions and, after discarding the supernatant liquid, the precipitate 
was again dispersed in distilled water, to give a fairly heavy suspension. In 
these experiments the ‘‘amount’’ of culture used has been arbitrarily defined 
as milligrams dry weight of bacteria. The anaerobic reduction of trimethylamine 
oxide was studied in the following manner, observing strictly aseptic conditions 
and using sterile glassware and sterile solutions. In the case of each suspension 
three Thunberg tubes were prepared containing the following solutions: 


A (control). 2 ml. of bacterial suspension; 1 ml. M/5 phosphate buffer pH 7.0; 


B. 2 ml. of bacterial suspension; 1 ml. M/5 phosphate buffer pH 7.0; 
1 ml. H,O; 1 ml. of 1:3 halibut muscle extract (vide supra). 

c 2 mi. of bacterial suspension; 1 ml. M/5 phosphate buffer pH 7.0; 
1 ml. of 1:3 halibut muscle extract; 1 ml. 0.1 M trimethylamine oxide 
solution. 


The tubes were thoroughly evacuated at a water pump and were incubated for 
16 hours at 25° C., the side arms being filled with water. They were then opened, 
0.4 ml. of N/1 HCl being added via the side arm at this stage to neutralize 
any free trimethylamine, and, after shaking thoroughly and standing for five 
or ten minutes, the liquid was analysed for trimethylamine. In both the above 
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methods trimethylamine was determined by distilling the base from 1-ml. 
portions of the solution into 0.01 N acid using the dishes described by Conway 
and Byrne (1933) and the technique devised by Beatty and Gibbons (1937). 
Back titration was made with 0.01 N NaOH using modified Tashiro indicator 
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Trimethylamine formation by thirty microorgamisms isolated from fish muscle. 


For convenience the dishes were incubated for 16 
to 24 hours at 25° instead of at 37° C., before titrating. 

The results of this experiment are given in table I, and from this it is 
apparent that only 3 of the 30 cultures studied (namely nos. 1, 18 and 22) formed 
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significant amounts of trimethylamine from aqueous muscle extract under 
facultative aerobic conditions, or from this substrate with or without added 
trimethylamine oxide under anaerobic conditions. Culture 21 formed slight 
traces of trimethylamine, but, within the limits of experimental error, none of 
the remaining 26 formed any. Approximately the same amount of trimethyl- 
amine is formed anaerobically from the muscle extract alone by the three 
organisms which form this volatile base, indicating a complete reduction of the 
trimethylamine oxide in the extract. These three organisms reduce a large 
proportion of the added trimethylamine oxide also. 


VELOCITY OF REDUCTION 


Thunberg tubes containing the following solutions were prepared using 
suspensions of cultures 1 and 18: 2 ml. of bacterial suspension; 1 ml. of 0.2 M 
phosphate buffer pH 7.0; 1 ml. of 1:3 halibut muscle extract (as hydrogen 
donator) and 1 ml. of 0.1 M trimethylamine oxide solution. In the case of 
each culture several tubes were prepared. They were all evacuated, placed in 
a 25° thermostat, withdrawn at stated intervals, and the amount of trimethyl- 
amine estimated as in the previous experiment. The results given in figure 1 
show that the reduction of trimethylamine oxide is linear and practically 
quantitative (as judged by the results obtained with culture 18). The amount 
of trimethylamine recovered was slightly more than theoretical for a 0.02 M 
solution, but such factors as evaporation during evacuation, dilution by the 
acid added on opening the tubes and the amount of trimethylamine oxide 
present in the added muscle juice have not been allowed for. 


CoMPOUNDS ACCELERATING REDUCTION 


Experiments were next carried out in order to ascertain whether trimethyl- 
amine oxide is reduced by a number of the dehydrogenase systems present in 
the bacterial cell as in the reduction of nitrate (Stickland 1931), or whether 
only a limited number of systems catalyze its reduction as is the case with 
glutathione (Meldrum and Tarr 1935). Washed suspensions of the cells of 
cultures 18 and 22 were incubated anaerobically in Thunberg tubes in the 
presence of trimethylamine oxide and a variety of oxidizable substrates for 16 
hours at 25° C., the proportion of reagents being: 2 ml. of bacterial suspension; 
1 ml. of 0.2 M phosphate buffer pH 7.0; 1 ml. of an aqueous solution of oxidizable 
substrate (0.1 M solutions were used), muscle extract or water (controls), and 
i ml. of 0.1 M trimethylamine oxide solution. Trimethylamine was determined 
on 1 ml. portions of these solutions and the results are given in table II. These 
show that all the oxidizable substrates investigated accelerate the endogenous 
reduction of trimethylamine oxide by one or both of the organisms studied, 
and this suggested that some system capable of activating trimethylamine 
oxide, thus rendering it susceptible to reduction by any dehydrogenase system 
of lower potential level, is present in the cells of trimethylamine-forming bacteria. 
Proof of this hypothesis was obtained in the following experiment. 
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ACTIVATION OF TRIMETHYLAMINE OXIDE BY TRIMETHYLAMINE-FORMING BACTERIA 


The technique employed was similar to that first used by Quastel and his 
collaborators (Quastel and Stephenson 1925; Quastel, Stephenson and Whetham 
1925; Quastel and Wooldridge 1929) and which was later employed in modified 
form by Green, Stickland and Tarr (1934) in their study of so-called ‘‘Carrier 
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Ficure 1. The velocity of the reduction of trimethylamine oxide to trimethylamine in the 
presence of halibut muscle extract by cultures 1 and 18. 


linked reactions’. After some preliminary experiments Nile blue was selected 
as the most suitable oxidation-reduction indicator, because as a basic indicator 
it is relatively rapidly reduced in comparison with acidic indicators of about 
the same potential level (Green et al. 1934), and its potential does not lie too 
near that of the oxidizing or positive system (enzyme—trimethylamine oxide 
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complex). Two experiments were made as follows using washed suspensions 


of cultures 4 and 19 (non-trimethylamine-formers) and 18 and 22 (trimethyl- 
amine-formers). 


TaBLe II. Compounds capable of accelerating the reduction of trimethylamine oxide to 
trimethylamine. 


of trimethylamine nitrogen per 1 ml. of solution | 
Oxidizable substrate |— 





Culture 18* Culture 22** 
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34.3{ 33-1 21.6/ 21-3 
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*7.5 mg. dry wt. of bacteria per expt. 
**17.2 mg. dry wt. of bacteria per expt. 


(a) Thunberg tubes were prepared in duplicate with the following solutions: 
2 ml. of bacterial suspension; 1 ml. 0.1 M sodium lactate; 0.5 ml. 0.2 M phosphate 
buffer pH 7.0 and 1 ml. 0.001 M Nile blue. The hollow stoppers contained 0.2 
ml. of 0.5 M trimethylamine oxide solution. The tubes were thoroughly evacu- 
ated, great care being taken not to mix the solution in the tube with that in 
the stopper, and incubated for 6 hours at 25° C. to permit as complete reduction 
of the dye as possible. This rather long incubation period was employed since, 
although cultures 4 and 22 reduced the dye fairly quickly, culture 19 reduced 
it slowly, and culture 18 reduced it only 40 to 50 per cent in 6 hours. After 6 
hours the solutions were mixed, and after 5 or 10 minutes to allow for equili- 
bration, the tubes were compared with the following results. 
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Culture Reaction on adding trimethylamine oxide 
4 No change, dye remained completely reduced. 
18 The dye, which was about 40 to 50 per cent reduced, was completely 
re-oxidized. 
19 No change, dye remained completely reduced. 
22 The dye, which had been completely reduced, was completely re- 
oxidized. 


This experiment shows that those organisms which are capable of forming 
trimethylamine activate trimethylamine oxide so that it competes for the 
reducing systems in the solution at the expense of the dye which becomes re- 
oxidized, and that this is not the case with the other organisms. Additional 
proof for this was obtained in the following experiment. 

(b) Eight Thunberg tubes were prepared containing the following solutions: 
2 ml. of a suspension of washed cells of culture 4; 1 ml. 0.1 M sodium lactate; 
0.5 ml. 0.2 M phosphate buffer pH 7.0; 0.2 ml. 0.5 M trimethylamine oxide 
solution and 1.0 ml. 0.001 M Nile blue. The hollow stoppers of duplicate tubes 
contained 1 ml. of either heated (80° for 5 minutes) or unheated washed suspen- 
sions of the trimethylamine-forming cultures 18 and 22. The tubes were carefully 
evacuated and incubated for 2 hours at 25°C. until the dye was completely 
reduced, and then the solutions were mixed with the following results. 


Suspension added Reaction 


Culture 22 unheated The reduced dye was completely re-oxidized. 
” 22 heated The dye remained completely reduced. 
” 18 unheated The reduced dye was completely re-oxidized. 
. 18 heated The dye remained completely reduced. 


These results show that cultures 18 and 22 possess a heat labile enzyme 
which activates the trimethylamine oxide present in the solution, thus rendering 
it capable of being reduced by the reducing systems of the cell. [Since thisenzyme 
has not previously been described, it has been suggested (Tarr 1939), that 
it be called ‘“Trimethylamine-oxidease”’]. The oxidation-reduction potential 
produced by the enzyme-substrate complex must be somewhat more positive 
than that of methylene blue—leuco methylene blue, for unpublished experiments 
have shown that when methylene blue is reduced by trimethylamine-forming 
organisms, and trimethylamine oxide is added to the solution, a slight re- 
oxidation of the dye occurs. 


PROPERTIES OF THE TRIMETHYLAMINE OXIDE ENZYME 


Effect of cyanide and toluene on reduction. Thunberg tubes were prepared 
containing the following solutions: 1 ml. bacterial suspension (culture 18 or 22); 
0.5 ml. 0.1 M sodium lactate; 0.5 ml. 0.1 M trimethylamine oxide solution; 
1 ml. 0.2 M phosphate buffer pH 7.0 and water, or solution of the inhibitor, to 
bring the total volume to 5 ml. Toluene-treated cells were prepared in the 
customary manner, and the cyanide solution was added as 0.1 M KCN via the 
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hollow stopper subsequent to evacuation. The evacuated tubes were placed 
in a 25° water thermostat, the cyanide added where required, and, after 60 
minutes, the amount of trimethylamine in 2 ml. of the suspension was de- 
termined with the results shown in table III. From the experiment it is seen 
that reduction of trimethylamine oxide is not inhibited by cyanide and practically 
entirely inhibited by toluene treatment. It is possible that toluene does not 
inhibit the enzyme directly, but inhibits the dehydrogenase systems rendering 


them no longer free to reduce the activated oxide. This point has not been 
investigated. 


TABLE III. Effect of certain inhibitors on triamineoxidase. 
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of Me;N nitrogen in 2 ml. of solution 




















Treatment |— — ——_—_——— 
Culture 18* Culture 22** 
(lactate as H donator) (fructose as H donator) 
Controls (cells untreated).......... 9.1) 9.7 
a? oar 9.9 
Toluene treated cells............... 0.8| = 2.2| 
0.6} wr 3.1; 33 
SP ee ree sat a 10.2 
| 3.4, 8-7 i1.2f 10.7 
BO, Ok hai 9.0\ : 10.6| ‘ 
| aa; ** | 10.1 19. 
STI PESO oe a ke. oe 10.6) 10.3) 10 
11.1f 10-9 oof - 
— — = _ —_ —_ 
*8.4 mg. dry wt. per expt. **5.5 mg. dry wt. per expt. 


NON-REVERSIBLE NATURE OF THE REDUCTION 


One portion of a suspension of culture 18 (8.4 mg. dry wt. of bacteria per 
ml.) was heated to 80° C. for 5 minutes and rapidly cooled, the remainder being 
unheated. Two 50-ml. Erlenmeyer flasks were prepared, one with the heated 
and the other with the unhgated suspension, as follows: 5 ml. of bacterial sus- 
pension; 2 ml. 0.2 M phosphate buffer pH 7.0; 1 ml. 0.1 M trimethylamine 
hydrochloride solution and 2 ml. H,O. The flasks were immersed in a 25° 
thermostat and air, which had first passed through water, was bubbled through 
the solutions at approximately the same rate for 2 hours. Trimethylamine was 
then determined with the following results. 


Treatment y of trimethylamine nitrogen per ml. of 
solution 
125.9 t 
Heated 124.0 124.9 
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Unheated 197 4 126.7 
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This showed that the trimethylamine does not disappear any more rapidly in 
aerated solutions in which the enzyme is present than in those in which the 
enzyme has been heat killed. When the remaining solutions were incubated 
anaerobically in Thunberg tubes for 18 hours at 25° C. there was no significant 
change in the amount of trimethylamine present. These results strongly suggest 
that the reduction of trimethylamine oxide by the enzyme is irreversible. This 
could be established more definitely by use of a microrespirometer. 


PREPARATION OF THE TRIMETHYLAMINE OXIDE ENZYME 


Preparations of certain of the enzymes concerned with bacterial oxidations 
have been obtained in a cell-free state; thus Stephenson (1928) prepared a 
soluble lactic dehydrogenase from B. coli and Green et al. (1934) a soluble 
nitratase from the same organism. 

Forty ml. of a heavy suspension of cells of culture 18 were permitted to 
autolyze under aseptic conditions with 40 ml. of 0.2 M phosphate buffer at 25° C. 
for 10 days. The suspension was centrifuged, the slightly cloudy supernatant 
liquid (a) was decanted, and the cellular debris was then suspended in 80 ml. 
of water (b). Part of solution (a) was sterilized by passing it through a Seitz 
filter (c). The ability of these preparations to reduce trimethylamine oxide was 
studied as follows. Four ml. of solution (a, b or c); 1 ml. 0.2 M phosphate buffer 
pH 7.0; 1 ml. 0.1 M sodium lactate and 0.5 ml. of 0.5 M trimethylamine oxide 
solution (or water) were added (in duplicate) to Thunberg tubes. These were 
evacuated and incubated for 16 hours at 25°, the trimethylamine being de- 
termined with the results shown in table IV. It is evident from the figures 
shown that the enzyme is closely associated with the bacterial cell, and does 
not readily diffuse into the surrounding medium during autolysis as do the 
nitratase and lactic dehydrogenase enzymes of B. coli under similar conditions. 


DECOMPOSITION OF HALIBUT MUSCLE WITH AND WITHOUT REDUCTION 


Three pieces of muscle weighing about 50 gm. were carefully excised with 
aseptic technique, employing ultraviolet light to avoid extraneous contamination, 
from a large halibut. They were transferred to sterile petri dishes. One piece 
was dipped in sterile water, a second in a very light aqueous suspension of cul- 
tures 4, 6 and 19 mixed (non-trimethylamine-forming organisms), and a third 
in a similar suspension of cultures 1, 18 and 22 (trimethylamine-formers). The 
three pieces of muscle were then incubated aseptically for 14 days at 1.5° C. At 
the end of this time the numbers of viable organisms, and the amount of tri- 
methylamine present were determined on small portions of each sample as 
described elsewhere (Tarr and Bailey 1939), the remainder being subjected to 
organoleptic tests. The results which are recorded in table V show definitely that 
there is not necessarily any correlation between the amount of trimethylamine 
and the state of decomposition of such experimentally inoculated sea fish muscle, 
and that likewise there is no uniform relationship between the viable bacterial 
counts and the trimethylamine in such tissue. The results of this experiment 
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are of interest because, as has been shown elsewhere (Tarr 1938; Tarr and Sunder- 
land 1938; Tarr and Bailey 1939) there is by no means always a uniform 
relationship between viable bacterial population and trimethylamine content of 
fish muscle. It is probable that the ratio of trimethylamine-forming to non- 
trimethylamine-forming bacteria may vary greatly in fish which are naturally 
contaminated by a mixed bacterial flora. For this reason it would seem unwise 
to employ the ‘“‘Trimethylamine Test”’ as sole criterion of the degree of spoilage 
of sea fish until attempts have been made to establish whether any correlation 
exists between viable bacterial population, trimethylamine content and organo- 
leptic tests in this medium. 








TABLE IV. Trimethylamine formation by various fractions of autolysed cells of culture 18. 
| F aes 
| Fraction no. | of trimethylamine nitrogen in 4 ml. of solution. 
a. ; a. ; = 
| {Control tates od tad aa | 0.8\ 
| (a) 1.4 , 
| | + trimethylamine oxide......... 1.9} 
gof 21 
NINN a cccencecnauives 2.8) 
| (b)4 | a 3 | 
| + trimethylamine oxide......... 59.0\ . | 
59.8{ 99-4 | 
PGipeteed GEMM... wiscesssescennss | Mel se | 
(c) 1.1 F 
\+ trimethylamine oxide......... HS 
1.4f 1-6 








TaBLeE V. Inoculation of aseptically excised halibut muscle with trimethylamine-forming and 


non-trimethylamine-forming bacteria. 





| | 











Inoculation | Viable bacterial | Trimethylamine Organoleptic 
count in colonies | nitrogenas mg. | tests 
| per gm. per 100 gm. 
Nil (control).............. 1 0 0.20 Fresh 
Cultures 4,6 and9......... 3,540,000,000 | 0.29 | Very stale or putrid | 
Cultures 1. 18 and 22...... | 1,046,000,000 18.2 | Very stale 
SUMMARY 


Only three of thirty microorganisms isolated at random from seven samples 
of fish muscle in various stages of decomposition formed trimethylamine from 
trimethylamine oxide. 


The reduction of trimethylamine oxide by the bacteria capable of effecting 
this reaction has been shown to be due to the presence in their cells of an enzyme 
capable of activating the molecule and thus rendering it susceptible to reduction 
by any of a large number of dehydrogenase systems. 
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This enzyme has not yet been obtained as a cell-free preparation, and is 
insensitive to cyanide but is apparently almost completely inhibited by toluene. 
Its specificity with respect to its substrate has not been determined. 

Experimentally spoiled fish muscle has been obtained with high bacterial 
population but with only a trace of trimethylamine. The relation of this finding 
to the possible value of the trimethylamine test as index of the degree of spoilage 
of sea fish is briefly discussed. 
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Surface Water Temperatures of the Canadian Atlantic Coast 
By H. B. HAcHEY 
Atlantic Biological Station 


(Received for publication June 24, 1939) 


ABSTRACT 


Monthly mean surface water temperatures, based on observations from 1926 to 1935: 
are used to determine normal monthly mean temperatures for eight points on the Canadian 
Atlantic coast. Sine curves are found to fit the data for all points, with one exception. The 
general type of temperature curve determined by daily observations divides the regions of 
observation into those represented by a smooth curve, those by an erratic type, and those showing 
sharp but regular changes in temperatures from day to day. 


INTRODUCTION 


Surface sea water temperatures have been determined, twice daily, at St. 
Andrews, N.B., for several years past (1921-1935 inclusive). Similar observations 
were inaugurated at Halifax, N.S., in 1925 and complete data are available for 
the period 1926 to 1935 inclusive. In 1929, the Biological Board of Canada, 
cooperating with the North American Council on Fishery Investigations, made 
arrangements for similar observations at Grand Manan and Isle Haute in the 
bay of Fundy, Lurcher lightship off Yarmouth, N.S., and at Sambro island, 
Sable island, and Scatari island, off the south coast of Nova Scotia. In 1930, 
further arrangements were made for observations at Entry island of the Magdalen 
group, at North point, P.E.I., at cape Gaspé and St. Marys island in the gulf 
of St. Lawrence. In 1932, arrangements were made for seasonal observations 
at Mutton bay on the north shore of the gulf of St. Lawrence, and at Halls 
harbour in the bay of Fundy. In 1935, arrangements were made for observations 
on board the Halifax lightship. The locations of these points are indicated in 
figure 1. ' 

In 1931 the observations at cape Gaspé were discontinued, and those at 
Isle Haute in 1934, while those at North point were discontinued in 1935. 

This paper constitutes an analysis of the data for the period 1926 to 1935. 


METHODS 


The general procedure at all points was to determine the surface sea water 
temperatures twice daily (usually at 8.00 a.m. and at 4.00 or 5.00 p.m.). The 
points of observation were chosen, in as far as possible, so that the observations 
would have some significance for the region in general. With this in mind, the 
observing stations were usually located on the open coast in exposed positions. 
The procedure, outlined for the observers, was to obtain a bucket (wooden) of 
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water and to read the calibrated immersed thermometer to the nearest tenth 
of a degree (in some cases to the nearest quarter). In most cases, the jobservations 
were made and recorded with admirable appreciation of the need for care and 
accuracy. 

In the annual analysis of the data, the daily mean temperatures were 
determined for each station and illustrated graphically. The monthly mean 


@Halifax Lgtship 


Lurcher @ “4: sai Sable Is. 
Lgtship oy, 





Ficure 1. Canadian Atlantic coast with locations of organized stations for the observation of 
surface seawater temperatures. 


temperatures were calculated and recorded in tables (for St. Andrews, Grand 
Manan, Halifax, Sambro Is., Sable Is., Scatari Is., Entry Is., and St. Marys Is., 
see table I). 


DAILY MEAN TEMPERATURES 


To illustrate the nature of the surface water temperatures of the various 
regions, the daily mean temperatures for 1932 are plotted in figure 2. These 
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Monthly mean temperatures in degrees Centigrade of surface water at various coastal! 


stations 
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Table I (continued) 
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Table I (continued) 
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plotted temperatures may be considered as of three different groups as follows: 
Those represented by a smooth curve, indicating that gradual temperature 
changes take place from day to day. Such a curve is typical of points in the 
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Ficure 2. Daily mean surface seawater temperatures at various points for the year 1932. 


bay of Fundy, and is best exemplified by the plotted temperatures for St. 
Andrews. In such a case, although general climatological conditions determine 
the general trend of temperatures, mixing and upwelling, due principally to 
Hence, the resultant plotted 


tidal action, prevent extreme daily variations. 
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temperatures approximate quite closely to a smooth sinusoidal curve. This 
same tidal action, producing mixing of waters of the various levels, results in a 
comparatively small annual variation in temperature, with summer temperatures 
comparatively low, and winter temperatures comparatively high with little ice 
formation. 

Those represented by an erratic type of curve showing sharp and irregular 
temperature changes taking place from day to day, particularly during the 
warmer months of the year. Such changes are typical of points on the south 
coast of Nova Scotia, and are well exemplified by the plotted temperatures for 
Halifax, Sambro island, and Scatari island. Such sharp and erratic changes in 
temperature are due to the presence of a very cold sub-surface body of water 
which is readily brought to the surface under certain conditions of wind and 
atmospheric pressure. 

Those represented by a jagged but otherwise regular curve showing sharp, but 
otherwise regular, changes in temperature from day to day. Such a curve is 
typical of points in the shallower portions of the gulf of St. Lawrence, and is 
well exemplified by the plotted temperatures for North point and Entry island. 
In the general case, climatological conditions, coupled with the shallowness of 
the areas in which the stations are situated, are responsible for the large daily 
variations. The plotted temperatures for St. Marys island furnish a curve of 
this type also. The abrupt changes in temperature that occur here are probably 
due, in the main, to variation in the nature of the water movements through 
Belle Isle strait. 


NORMAL MONTHLY MEAN TEMPERATURES 


Normal monthly mean temperatures have been determined for a number 
of selected points of observation. Fifteen year data (1921 to 1935 inclusive) 
were used to determine a normal monthly mean temperature for St. Andrews, 
ten year data (1926 to 1935 inclusive) were used to determine a normal monthly 
mean temperature for Halifax, while five year data (1931 to 1935 inclusive) 
have been used to determine normal monthly mean temperatures for Grand 
Manan, Sambro island, Sable island, Scatari island, Entry island, and St. 
Marys island. These calculated normals are furnished in table I. 

In most cases, these normal monthly mean temperatures for a given location, 
when plotted, are found to approximate to a sine curve. This is illustrated in 
figures 3 and 4. The sine curves found to fit the data in the various localities 
are as follows: 
a(x+1.8) 

6 
_ m(x+1.4) 

Grand Manan y = 66 — 5.0sin ae 
a(x-+-1.8) 
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: _ m(x+1.9) 
Entry island y = 5.0 — 11.5 sin “a 


St. Andrews y = 64 — 6.5 sin 


St. Marys island y = 3.3 — 7.2 sin 
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m(x+1.8) 


Halifax y =81— 7.4sin 6. 
S : _ m(x+1.8) 
Sambro island y = 7.8 — 7.6 sin a 
; _ m(x+1.8) 
Sable island y = 9.0 — 8.1 sin —" 
_ m(x+1.5) 
y = 5.8 — 10.6 sin a 

: re (spring, summer, and autumn) 

Scatari island — w(x+1.5) 
y = 5.4 — 6.9 sin ae 


(winter, spring, and autumn) 
With the exception of Scatari island, the data of which cannot be fitted by a 
single sine curve, the data from other points may be very closely represented 


over the greater part of the year, by an equation whose general form is 


yz A-3aa-. 





where y is the normal monthly mean temperature in degrees Centigrade, 
A is the mean annual temperature, 

B is one half the annual amplitude, 

x is the time in months, and 


¢ is the phase or lag in months. 







DISCUSSION 


In the case of those areas where ice formation is always a feature throughout 
the winter months (St. Marys island and Entry island), the portion of the curves 
representing the colder months of the year are more or less theoretical, and 
indicate the probable trend of water temperatures if no change of state took 
place (i.e. if the water did not freeze). The phenomenon at Scatari island, 
wherein the curve fitting the winter data partakes of the nature of that for 
Sambro island on the south coast of Nova Scotia, and the curve fitting the 
spring, summer, and autumn data corresponds to that for Entry island in the 
gulf of St. Lawrence, is of considerable interest. On account of the comparatively 
shallow depth and the temperature of the continental air, ice formation in the 
gulf of St. Lawrence is pronounced in the region of Entry island during the 
winter months. As opposed to this, conditions necessary for ice formation are 
modified, to some extent, on the open south coast of Nova Scotia, due chiefly 
to the upwelling and mixing of warmer sub-surface waters. With ice formation 
not a characteristic feature of the Scatari island region, the winter surface 
temperature data may be fitted by a curve similar to that for the Sambro island 
region, on the south coast of Nova Scotia. During spring, extensive ice move- 
ments from the gulf of St. Lawrence to the Scatari island region offset the 
effects of vernal warming, with the result that the surface water temperatures 
correspond to those within the gulf. During summer and autumn, both the 
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temperatures and salinities of surface waters in the Scatari island region reflect 
the effect of water movements from the gulf to a greater degree than do those 
in the Sambro island region. Hence, it is to be expected that the curve fitting 
the spring, summer, and autumn data for Scatari island approximates that for 
Entry island. 

An examination of the curves and plotted results in figures 3 and 4 indicates 
that, normally, the higher summer temperatures are experienced at Sable island 
(17.8). The other points, listed in decreasing order of magnitude are Entry 
island (17.6), Scatari island (17.3), Sambro island (15.7), Halifax (15.3), St. 
Andrews (12.7), Grand Manan (11.4), and St. Marys island (10.8). 

Normally, the lower water temperatures are experienced at Entry island 
and St. Marys island, where ice exists throughout the winter months and water 
temperatures are as low as —1.8°C. The other points, listed in increasing 
order of magnitude, are Scatari island (—1.1 with considerable ice), St. Andrews 
(0.0), Sambro island (0.3), Halifax (0.8), Sable island (1.0), and Grand Manan 
Os CO. 

The observed annual amplitude in the monthly normals (the highest 
monthly normal minus the lowest monthly normal) for each point is listed in 
order of magnitude as follows: Entry island (19.4), Scatari island (18.4), Sable 
island (16.8), Sambro island (15.4), Halifax (14.5), St. Andrews (12.7), St. 
Marys island (12.6), and Grand Manan (9.6). 


SUMMARY 


Monthly mean surface water temperatures are tabulated for eight points 
on the Canadian Atlantic seabeard. 

Daily mean temperatures for the year 1932, for several points on the 
Canadian Atlantic seaboard are plotted to illustrate the daily variation in the 
water temperatures of various regions. According to the general type of tempera- 
ture curve, the regions are divided into (a) those represented by a smooth curve, 
(b) those represented by an erratic type of curve, and (c) those represented by 
a curve showing sharp but otherwise regular changes in temperature from day 
to day. 

Normal monthly mean surface water temperatures are calculated for each 
of the eight points. 

Sine curves are found to fit the data for all points with the exception of 
Scatari island. The curve fitting the winter data for Scatari island is of the 
nature of those for points on the south coast of Nova Scotia, while the spring, 
summer, and autumn data may be fitted by a curve similar to that of Entry 
island in the gulf of St. Lawrence. 

Normally, the higher summer temperatures are experienced at Sable island, 
and listed in decreasing order of magnitude are Entry island, Scatari island, 
Sambro island, Halifax, St. Andrews, Grand Manan, and St. Marys island. 

Normally, the lower winter temperatures are experienced at Entry island 
and St. Marys island, where ice exists throughout the winter months. Listed in 
increasing order of magnitude are Scatari island, St. Andrews, Sambro island, 
Halifax, Sable island, and Grand Manan. 
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ABSTRACT 





When not feeding herring keep close together. If the light is at least as bright as moonlight 
the parallel non-feeding formation is broken as they dart here and there, pursuing individual] 
food organisms. At low temperatures (about 4° C.) herring are less active and eat less food. 





The feeding of the herring of Passamaquoddy bay, New Brunswick, has 
already been studied (Battle e¢ al. 1936). To extend and confirm these obser- 
vations, some herring were kept for observation in tanks of running seawate: 
during the summer of 1934. 


EFFECT OF LIGHT ON FEEDING 


UNDER ARTIFICIAL LIGHT 













About twenty herring, ranging in length from 14 to 18 cm., were kept in 
a tank (length, 184; width, 95; and depth, 62 cm.) of running seawater at 13° C. 
in the basement of the Atlantic Biological Station. For illumination, a 60 watt 
bulb was suspended 90 cm. above the centre of the tank. Food in the form of 
chopped shrimp (Meganyctiphanes norvegica) was dropped into the water both 
in the light and in darkness. 

Under illumination, it could be easily observed that the herring actually 
sights its food. As the latter slowly settled in the water, the individual herring 
darted after the separate particles of food, breaking the parallel non-feeding 
formation. When sighting the food from a distance, the fish would make a 
dash until within a few inehes of the food particle, slowly glide the remaining 
distance (generally upwards) until almost touching the particle, and then make 
a quick snap at it. When apparently sighting the food on one side, the herring 
would turn sideways and quickly seize the particle, causing the whole body to 
partly turn over and giving a sudden flash as the silvery side was exposed to 
view from above (such a twisting movement was often observed in the sea when 
the herring were feeding on Meganyctiphanes near the surface on sunny days). 
Small pieces of white or silvery paper floating at the surface would attract the 
fish, although they were never observed to actually swallow the paper. The 
herring generally ignored food under them and were never seen to take food 
off the bottom of the tank. 

When the light was turned off, the herring did not take any of the available 
food; this fact was established by the removal of a few 














» herring and examination 
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of their stomach contents. A similar effect was produced by so directing a beam 
of light that part of the water was under illumination and part in the shade; 
the results of these observations showed that the fish took food only in the 
regions where the food particles were brightly illuminated. 

These facts agree with observations made by others (notably Hardy 1924; 
Bigelow 1926; Jespersen 1928; and Battle et al. 1936) who concluded that the 
herring feeds by pursuing individual food organisms and not by simply swimming 
open-mouthed and devouring only those organisms that happen to be stopped 
by the gill rakers (as was suggested by Moore in 1898). 


UNDER NATURAL LIGHT 

Experiments with artificial light (Battle et al. 1936) indicated that the 
herring are unable to feed in darkness, and require light of an intensity close 
to that of moonlight in order to see their food. This was tested directly by 
exposing the fish to natural light. About twenty herring (14 to 18 cm. long) 
were kept outdoors in a wooden insulated tank (ca. 1.5 m. long, 1 m. wide and 
1 m. deep) containing running seawater with a temperature of approximately 
15°C, at all times. The standard procedure used for all light intensities was 
to drop chopped Meganyctiphanes into the tank continually for a period of 20 
minutes and then remove 5 fish in order to determine whether or not food had 
been eaten. 

It was found that the herring fed at all light intensities from before sunrise 
till after sunset, whether the sky was clear or overcast. (It was a noteworthy 
fact that although the herring remained for the most part close together and 
near the bottom of the tank during sunlight, they occasionally broke this for- 
mation to make dashes to-the surface and capture food.) They also fed during 
full moonlight. Feeding never took place, however, during moonless nights, 
whether starlight or overcast, in agreement with the accounts of Lissner (1925), 
Jespersen (1928) and Muzinic (1932). These outdoor observations thus agree 
with the results of experiments made with artificial light (Battle e¢ al. 1936) 
in regard to the minimum light intensity necessary in order to feed. 


EFFECT OF TEMPERATURE ON FEEDING 


Battle et al. (1936) pointed out that temperature probably influences the 


feeding of the herring in that ‘‘they move about more at high temperatures 
than at low”’ and thus ‘‘may or may not reach places where food is abundant”’. 
This was tested experimentally in the laboratory. 


Three fish, which had been starved so as to be hungry, were carefully 
transferred to a small tank (46x48x51 cm.) thickly insulated with cork. The 
fish at first were quite timid and refused to eat, but after two days took food 
greedily; hence all fish were left in the tank for two days before being used 
for experiment. The seawater, before entering the tank, passed through a U- 
shaped aluminium tube, resting horizontally in a large wooden box containing 
ice, salt and water which could be mixed in such proportions as to cool the 
water to any desired temperature down to 3°C. The water was cooled (for 
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rates see figure 1) to the desired temperature and kept at, that temperature 
for two hours, during which time food was offered to the fish (by means of a 
pipette at the surface) in the form oi dead Calanus finmarchicus and Meganycti- 
phanes norvegica. The fish were then removed and preserved in 5 per cent 
formaldehyde for later examination of the stomach contents. 














(i) 18°C. 
At this temperature the herring fed well. Examination: fish between 14 and 
18 cm. long, stomachs full. 


IS 


TEMPERATURE 
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FIGURE 1. Rates at which seawater was cooled in tank in order to study effects of low 
temperatures on feeding of herring. 


‘ 


(ii) 8° C. 
The fish fed well and came to the surface for food. Examination: 15.0 cm., 
stomach almost full; 15.5 cm., stomach empty; 16.0 cm., stomach almost full. 





(iii) 4.5° C. 

The fish were not seen to feed. Their movements, however, were not 
confined to the bottom of the tank (cf. 3.8°C.), some of them going to the 
surface at times. Examination: 12.0 cm., very slight amount of food; 14.5 and 
15.0 cm., stomachs empty. 






(iv) 3.8°C. 
The fish were not seen to feed. They remained at the bottom of the tank 
and did not come to the surface as at higher temperatures. Their movements 
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were very sluggish and they remained very close together (as has been observed 
by the fishermen during the winter). Examination: 15.5, 16.0, and 16.5 cm., 
stomachs empty. 

Battle et al (1936) found that when the temperature of the seawater fell 
to 0.75° C. in February, the herring were still able to feed. Hence the failure 
of the fish to eat at 3.8° C. in the present experiment is probably the result of 
the rate of fall of temperature being considerably greater than usually occurs 
in nature. However, the results indicate that their movements are less active 
at low temperatures, hence confirming the statement made in 1936 that they 
‘“‘may or may not reach places where food is abundant”’. 
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SUMMARY 


When food (dead or alive) was offered to the herring in tanks of running 
seawater, they broke their close non-feeding formation as they separately 
pursued the individual food particles. 

They generally ignored food under them, never taking it off the bottom. 

When different parts of the water in an indoor tank were illuminated, 
feeding took place only in the regions where the food particles were most 
illuminated. ; 

In an outdoor tank, the herring fed during the day-time from before sunrise 
till after sunset, whether the sky was clear or overcast. They fed on nights of 
full moonlight, but never on moonless nights, whether starlight or overcast. 

When the water was rapidly cooled, the herring ate less at lower tempera- 
tures, eating to full capacity at 13° C., while devouring no food at all at 3.8° C., 
at which temperature they remained relatively inactive on the bottom of the 
tank. 
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ABSTRACT 


In northern British Columbia halibut, size seemed the most important factor determining 
vitamin A. Vitamin A varied inversely with the per cent of oil in the liver. Vitamin D 
potency of liver oil appeared unrelated to size of fish or to vitamin A content. Oil from heads 
and trimmings is low in both vitamins. The per cent of viscera, of liver and of intestines in the 
samples, and the per cent of unsaponifiable matter and the iodine number of 12 samples of 
liver oil and 2 samples of intestinal oil are given. 

































The variations encountered in the vitamin A and D potencies of oils obtained 
from the liver and from the intestines of halibut caught off the northern British 
Columbia and Alaska coast have not been studied extensively. Emmett et ai. 
(1932) reported that the vitamin A potency of commercial lots of liver oil varied 
from 37,000 to 62,500 units and the vitamin D potency from 2,000 to 3,300 
“daily”’ units per gram of oil. Bills et a/. (1934) in a preliminary report found 
the oil content of the liver to increase from January until August, thereafter 
it declined. The potency of the oil in both vitamin A and D varied inversely 
with the oil content of the liver, the vitamin A potency fluctuating more widely 
than the vitamin D. Lovern et al. (1933) have made rather extensive studies 
of the factors influencing the vitamin A potency of Atlantic halibut liver oil. 
They report that the vitamin A potency covers a range of 2500:1. There was 
a tendency for the potency to increase with the size of the liver. No correlation 
was found between the amount of vitamin A in the liver oil and the diet of the 
halibut or the intensity of feeding as revealed by the glycogen content of the 
liver. It was reported by Lovern et al. (1937) and Pugsley (1937) that the 
intestines of halibut are relatively high in vitamin A. The vitamin D potency 
of the oil obtained from this portion of the halibut was found to be considerably 
lower than that of the liver oil (Pugsley 1938). 

The object of the present work was to gather additional data on the 
variations in vitamin A and D potencies of oils obtained from the liver and 
from the intestines of halibut caught off the British Columbia coast in the 
fishing area designated Area 2 by the International Fisheries Commission. 


PROCEDURE 





From April 1938 until May 1939 monthly samples of 30 to 40 ungutted 
halibut were procured through the co-operation of the crews of the Prince 
Rupert halibut fishing vessels. Due to weather and other factors beyond control, 
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it was impossible to obtain samples for the months of February, March and 
September. No method of selecting the fish was attempted, each lot representing 
the fish caught at one or more settings of fishing gear. The fish were brought 
to the laboratory in a strictly fresh condition (12 to 24 hours after catching) 
where they were weighed and sorted into weight groups of 5-pound (2.27-kg.' 
intervals. The total abdominal viscera, exclusive of the gonads and undigested 
food in the stomach, were removed and weighed. The stomach and liver were 
dissected off and the liver and remaining viscera (spleen, intestines and adjoining 
glands) weighed separately. From these weights the percentages of total viscera, 
of liver and of intestines separately were calculated. 

The per cent of oil and the vitamin A content of representative samples 
(10 g.) of liver and of intestines from each selected weight group were determined 
by the method described by Pugsley (1939a). The remaining livers from each 
monthly lot were pooled, digested with sodium hydroxide (2 per cent of weight 
of liver) and the oil was separated from the digestion mixture by passing it 
through a Sharples Super-centrifuge (laboratory size). Due to the low oil 
content of the intestines, several monthly lots were required to produce enough 
oil to make the centrifuging procedure possible. The vitamin A content of the 
oil was determined by the photocolorimetric method of Dann and Evelyn (1938). 
The factor 500 was used to convert ‘‘L value” into blue units per gram. The 
vitamin D assays were carried out according to the technique adopted in the 
United States Pharmacopoeia 1934 Revision. The unsaponifiable matter in the 
oils was determined by the method recommended by the Society of Public 
Analysts (Cocks 1933) and the iodine number by the Wijs method. 


DISCUSSION OF RESULTS 


The variations encountered in the percentages of total viscera, of liver and 
of intestines of halibut are shown in table I. It is seen that the per cent of viscera 


TABLE I. Seasonal variations in the per cent of total viscera, of liver and of intestines in 
halibut. 


Total viscera | Liver Intestines 
Date of catching, Fish (per cent) (per cent) (per cent) 
1938-39 | (number) | _— + 


Mean Sb." Mean s Mean 





$.D? 


Apr. 26 36 
May 10 25 
May 26 27 
21 
19 
38 
19 
22 
38 
27 


.48 | 0.41 
.08 .39 
.96 | 0.39 
06 35 
29 | 0.49 
32 .42 
.14 .61 
41 
.00 34 
94 


.97 
.61 
45 
.38 
51 
61 
34 


27 0.28 
0.21 
0.30 
0.22 
0.35 
0.67 
0.47 
0.22 
0.28 
0.32 
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in the fish varies considerably. The mean value for the whole group was 5.03 . 

per cent of the weight of the fish (see table VII.) The per cent of livers in the ? 

fish tends to increase during the summer months. The increase in the size of 

the liver, during this time, is due mainly to the storage of fat in this organ as : 

indicated by the accompanying increase in yield of liver oil (see table III). . 

The per cent of intestines in the fish does not differ significantly from month d 

to month; the mean value for the whole group was found to be 2.15 per cent 

(table VII). The mesentery of the halibut does not appear to play an important 
t 

TaBLe II. Variations in the per cent of viscera, of liver and of intestines in halibut in relation ‘ 


to weight of the fish. 





























Weight group Fish Frequency Viscera Liver Intestines | 
(pounds) (number) | occurrence (per cent) (per cent) (per cent) 
ae a ee: = | 
puis Bo cweee ake | 19 5 5.22 1.18 2.35 
RDS b5 sie sheoeen 97 8 5.12 1.17 2.26 
ids uiir gth Sa ee 42 8 4.90 1.11 2.07 
a ee 24 7 4.73 1.19 2.03 
PG cGikces ves a eok 15 6 4.92 1.14 2.02 
rere 4 4 5.19 1.25 2.18 | 
a Sc 8 4 4.80 1.18 1.95 
| Gs iw antneseetbnt 4 2 Se ae 1.97 | 
6 5 aan wes eke 3 3 5.34 1.30 2.05 
EL eels eS wacuen 2 2 5.20 1.18 2.07 | 
nna 646 ee wees 1 1 5.76 1.29 2.12 
ei ciiaci waeas 1 | 1.38 1.51 | 
pt RET 2 : + 8 1.45 1.81 | 
iu ivigis eb hae ss pas 1 1 5.17 1.36 1.64 
1 pound = 0.453 kilogram. 








TABLE III. Seasonal variations in the per cent of oil in liver and in intestines of halibut, and 
the vitamin A content of these organs. 





Weight | Vitamin A 
























| Date of catching | grotaps Oil (per cent) (blue units per gram) 
1938-39 (number) — — 
| | = Liver | Intestines Liver | Intestines | 
a eee ae 9 11.1 | 4.1 7,200 | 3,800 
| May 10.............. 4 12.0 | 1.5 3,000 1,900 | 
MEER rious 0+ eae 8 29.5 | 5.2 3,900 | 2,200 
I ok bec ae canon 7 27.9 | 5.5 1,200 | 700 
NPE Wilcke a ba8 ose ven a a Ge, 7,300 | = 2,700 | 
"2 Seas 7 23.9 | 2.7 1,500 1,300 | 
se 5 27.0 | 5.8 15,000 | 9,400 
Ss cicuug cave ap 1. . ae 2.9 7,300 | 4,800 
OE Oe 8 12.9 | 2.3 | 2800 | 1,500 
PRO ns kee os | 2 2.1 2,300 650 


For number of fish see table I. 
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role as a fat storage depot, hénce these values do not fluctuate to the same 
extent as in the liver. 


The variations in per cent of viscera, of liver and of intestines in relation 
to the size of the fish are shown in table II. Although the per cent of liver tends 
to be greater in the larger fish, it is doubtful if this difference is significant, 
due to the small number of fish in the higher weight groups. 

The seasonal variations in the per cent of oil and in the vitamin A content 
(expressed in blue units per gram of tissue) of liver and of intestines are shown 
in table III. In general the oil content of the livers tends to be higher during 
the summer months than during the spring and fall. Since the vitamin A content 
of the liver tends to vary directly with the weight of the fish (see table IV), 


TaBLeE IV. Seasonal variations in the per cent of oil in liver and in intestines of halibut in 
relation to weight of the fish, and the vitamin A content of these organs. 


Vitamin A 
Weight group Oil (per cent) (blue units per gram) 
(pounds) a a eee eae sae 


Liver Intestines Liver Intestines 


16.6 
16. 
17: 
19. 
13. 
ll. 
18 
24: 
20. 
12. 
12 
23 


1,700 830 
2,800 | 1,060 
2,800 | 1,400 
4,000 2,200 
3,900 | 1,000 
5,000 2,050 
5,500 3,000 
1,700 | 820 
10,300 | 5,400 
11,400 6,000 
6,000 7,400 
10,000 6,500 
21 5,500 | 4,130 
37.8 12,100 10,200 


For number of fish and frequency occurrence of weight groups, see table II. 
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discussion of the seasonal variation in this constituent of the liver is deferred 
until the data relating to a specific weight group (table V) are considered. 

The variations in per cent of oil and in vitamin A content of the liver and 
of the intestines in relation to the weight of the fish are shown in table IV. 
The per cent of oil in the liver and in the intestines does not show any regular 
change with the weight of the fish. On the other hand, the vitamin A potency 
of both liver and intestines tends to show an increase with increase in weight 
of the fish. This confirms the work of Lovern e¢ al. (1933) with halibut, McPher- 
son (1937) with Newfoundland cod fish and Pugsley (1939b) with northern 
British Columbia grayfish. Thorbjarnarson (1937), in a study of the variations 
in vitamin A potency of Iceland cod liver oil, has pointed out that the above 
relationship may hold true for fish of various ages caught in the same place at 
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the same time, but fails when applied to oil production and age composition ot 
cod catches of successive years. 

The seasonal variations in yield and vitamin A potency of liver and of 
intestines of a selected weight group (5 to 15 pounds, 2.3 to 6.8 kg.) of fish are 
shown in table V. The inverse relationship between the per cent of oil in the 
liver and the vitamin A potency of the oil is quite well brought out in this table. 
With the exception of the July sample the vitamin A potency tends to be lower, 
and the oil content higher, during the summer months than during the spring 
and fall months. The spawning period of halibut extends from December until 
April (Clemens 1938) and during this period the fish are not actively feeding 
and hence do not store fat. 


TaBLeE V. Seasonal variations in the yield of oil from livers and intestines of halibut weighing 
4 to 15 pounds, and the vitamin A content of these organs and their oils. 


Date of Number | | Vitamin A 


. | . | . 
catching of Oil (per cent) (blue units per gram) 


| 


1938-39 fish acorn a 
Liver | Intestines Liver | Intestines Liver Intestinal 











| April26.....| 10. 3,900 | 1,700 
May 26.. 2,000 | 1,700 

| June 13....| 8 26.! 1300 | 450 
| July 5 j a 3,200 650 
| Aug. 2....| 26 30.: 1,100 550 
| Nov. 18....| 11.2 5,600 | 2,600 
3,000 1,800 


; San. S.....1 ‘ 15. 
| April 19.... 27 |= 12.9 2,300 650 


~ & Dd | 








Nm Ww hw S 





The variations in the vitamin A and D potencies, per cent of unsaponifiable 
matter and iodine number of the oils obtained from the pooled monthly samples 
of liver and of intestines are shown in table VI. Each sample represents 2 to 
4 kg. of livers. The variations in the vitamin A potency of these samples are 
similar to those commented upon above. The vitamin D potency shows con- 
siderable variation; in general, the values are higher for samples obtained from 
fish caught during the summer months than for those obtained from fish caught 
during the early spring and fall. The oil obtained from the livers of large halibut 
(30 to 100 pounds, 13.6 to 45. kg.) did not show a significant difference in vitamin 
D potency from that obtained from small fish (5 to 15 pounds, 2.3 to 6.8 kg.). 
These two groups of fish were all caught on the same date (August 2) and on 
the same fishing banks. 

The amount of unsaponifiable matter in the oil tends to vary directly with 
the vitamin A potency of the oil. There is little to comment upon regarding 
the iodine numbers other than to point out the low value (96.3) obtained for 
the sample of oil prepared from the livers of large fish (30 to 100 pounds, 13.6 
to 45 kg.) caught on August 2. 

The last sample of liver oil (‘‘Pooled, 1938’’} in table Vi represents the oil 
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from several thousand pounds of livers. It was obtained from a local plant 
producing halibut liver oil commercially from livers landed by Prince Rupert 
halibut vessels fishing in Areas 2 and 3. This sample was obtained by pooling 
10-cc. lots of oil obtained from each batch (of approximately 450 kg.) of livers 
processed from July until November. It is considered that the values obtained 
are quite typical of halibut liver oil produced commercially from fish caught 
off the Northern British Columbia and Alaska coast. 


TaBLeE VI. Variations in vitamin A, vitamin D, unsaponifiable matter and iodine number of 
halibut liver and intestinal oils, 


| 


Vitamin A | Vitamin D | Unsaponi- 


Date of catching Fish (blue units |(international fiable Iodine 
1938-39 (number) per gram units) matter number 
of oil) (per cent) 


80,000 1,600 
28,200 5,200 
7,500 3,300 
4,500 5,000 
65,500 
4,400 
9,000 2,000 
62,200 1,900 
66,000 
28,200 
17,000 


63,000 


—_— 


_ 
cor sg or Go 





— i et 
orn WR 


— 
_~ 


Intestinal oils: 
April to Aug. 1938. ... 308,000 22.2 


Pooled, 1938 136,000 : 20.7 152.5 




















The sample of intestinal oil (April to August, 1938) was prepared in the 
laboratory from the several monthly lots of intestines (approximately 20 kg.). 
The other sample of intestinal oil (‘‘Pooled, 1938’’) was obtained from the same 
local oil-producing plant as mentioned above. The sample represents the oil 
from several thousand pounds of intestines. It was obtained by pooling 10-cc. 
portions of oil from each batch (of approximately 450 kg.) of intestines processed 
from April until September 1938. There is no explanation at present for the 
marked difference in vitamin D potency of the two samples. 

A summary of the mean values, with their standard deviations, for the 
various factors studied on the total number of fish obtained is given in table VII. 
The variations in the per cent of viscera, of liver and of intestines of halibut 
are possibly no greater than would be found in a similar number of determinations 
of the per cent of these organs in other animals. On the other hand the extreme 
values encountered in the vitamin A potency of liver and intestinal oils practically 
precludes any statement regarding a “‘typical’’ value for this constituent in 
halibut liver oil. 
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The relation between the weight of the fish and the vitamin A potency 
(expressed in blue units per gram) of liver and intestinal oils is shown in figure 1. 
The data for this chart were obtained by taking the mean value for each weight 
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Ficure 1. Vitamin A content of halibut liver and intestinal oils in relation to increasing 
weight (age) of fish. 


group. There is a gradual increase in the vitamin A potency of both liver and 
intestinal oils, as the halibut increases in weight. This is considered to indicate 
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that there is a gradual accumulation of vitamin A in the liver of halibut with 
increasing age. 


TABLE VII. Summary of data. 


Standard 
deviation 





Per cent of total viscera in fish 

Per cent of liver in fish 

Per cent of intestines in fish 

Per cent of oil in liver 

Per cent of oil in intestines 

Vitamin A (blue units per gram) 
in liver 
in intestines 2,300 





in liver oil 35,000 
80,000 














Total number of fish = 272. 
Total number of weight groups = 56. 


HALIBUT HEADS AND TRIMMINGS 


It has been the practice to land halibut with their heads on and to behead 
them during the unloading of the vessels at the cold storage plants. The head 
constitutes 11 to 12 per cent of the fish. Another by-product of the halibut 
industry is the trimmings (skin and fins) discarded in the filleting process. It 
seemed of interest to make a preliminary study of the yield of oil and vitamin A 
and D potencies of these portions of the halibut. Ten kilograms each of the 
heads and trimmings were cooked in a retort and the oil obtained by pressing 
the cooked material. The results shown in table VIII indicate that these by- 
products are a relatively poor source of vitamins A and D. 


TaBLe VIII. The yield and vitamin A and D potencies of the oils obtained from halibut heads 
and trimmings. 





| 
Vitamin A | Vitamin D | 


Material Oil (blue units | (international 


(per cent) | per gram) units) 


| 
5 | 
10 | 
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Vitamin A and D Potencies of Liver and Intestinal Oils of Gray 
Cod (Gadus macrocephalus) 


By L. I. PuGsLey, 
Pacific Fisheries Experimental Station 


(Received for publication July 12, 1939) 


ABSTRACT 


During the fall and winter there was a higher percentage of liver and of oil and less of 
vitamins A and D. Vitamins A and D and the unsaponifiable matter of the liver oil were higher 
than usual for Gadids. The intestines yielded less oil and vitamins than the liver, and the 
oil was relatively high in vitamin A, but low in vitamin D. 


The gray cod is a species of true cod, closely related to the Atlantic cod, 
and is present in relatively large numbers in the coastal waters of British 
Columbia and Alaska. Only within the last few years have the livers of this 
Pacific species been utilized for the production of an oil containing vitamins 
A and D. 

Brocklesby and Denstedt (1933) and Bailey (1935) reported that the liver 
oil contained appreciable amounts of vitamin A. In a preliminary report 
Pugsley (1938) showed that the liver and intestinal oils of this cod were relatively 
high in vitamins A and D for fish of the Gadid family. 

During the year 1938-1939 several lots of gray cod were procured through 
the co-operation of crews of the Prince Rupert halibut vessels. Most of the 
fish were caught in waters in the vicinity (within 40 to 80 km.) of Prince Rupert, 
B.C. They were brought to the laboratory in a strictly fresh condition, where 
they were sorted into weight groups of 3 to 4, 4 to 5, 5 to 6, etc. pounds (1.35-1.82, 
1.82-2.27, etc. kg.). The treatment of the fish and the determinations of the 
vitamin A and D potencies of the oils were carried out as previously reported 
by Pugsley (1939). 


DISCUSSION OF RESULTS 


The seasonal variations in the per cent of total viscera, of liver and of 
intestines in this cod are shown in table I. There is considerable variation in 
the per cent of total viscera in the fish and it appears to be controlled to some 
extent by the per cent of liver in the fish. There is a definite increase in the 
per cent of the latter organ during the fall and winter months, i.e., during the 
pre-spawning period. 

The seasonal variations in the per cent of oil and in the vitamin A content 
of the liver and of the intestines are shown in table II. Since fish weighing 
4 to7 pounds (1.82-3.18 kg.) occurred more frequently than any other weight 
group, the mean values of these were chosen as representative of each monthly 
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TABLE I. 


Date of catching, 
1938-39 


31 
10 
April 19 
May 


TABLE II. 


Date of catching, | 


1938- 


April ‘ 


June 


r, 18. 





8. 


39 


July 5. 
ee sss 


Oct. 
Nov. 


Jan. 31 


18.. 
18. 


| April 10... 
April 19.. 


May 














the vitamin A content of the oil. 


Sia 


Fish 


(number) 


16 
15 
ll 
6 
14 
4 
4 
10 
17 


29 


Fish 
(number) 


12 
20 


62 








Liver 


me Ww Ow 


to 


woo 


Total viscera Liver Intestines 
(per cent) (per cent) (per cent) 
ene icieaumtperamantonnnenédl _ 
Mean S.D.* | Mean $.D.° Mean | S.D.* 
sie nena iinet hice I insect tein tm eta 
8.78 1.19 | .2.96 | 1.20 | 3.30 | 0.25 
8.16 | 1.24 | 2.68 | 1.00 | 3.58 | 0.51 
7.28 | 0.90 | 2.23 | 0.55 | 3.12 | 0.52 | 
9.60 1.56 | 4.01 | 1.47 3.73 | 0.48 | 
10.20 2.78 3.40 2.06 4.22 | 1.12 
8.42 | 0.45 | 3.18 | 0.61 3.28 | 0.76 
8.71 1.12 3.52 | 1.15 | 3.26 | 0.54 
9.36 1.40 | 2.78 | 0.90 | 3.70 | 0.66 
8.23 | 1.15 | 2.77 | 0.93 | 3.47 | 0.52 
9.11 1.23 2.98 | 1.85 4.26 | 0.68 


Seasonal variations in the per cent of viscera 














, of liver and of intestines of gray cod. 






























Intestines | 


inerK WNWNe NK 


Oil (per cent) 


*S.D. = Standard deviation 
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Liver 


900 
2,100 

| 2,200 
2,000 
1,100 
1,300 
950 
1,800 
600 
1,500 


| 


Intestines 


220 
590 
490 
810 
160 
600 
530 
600 
240 
360 


| 
| 


Liver 
oil 


3,200 
21,100 
3,500 
24,000 
2,900 
3,000 
2,600 
10,400 
1,800 


| 7,100 





Seasonal variations in the yield of oil from livers and intestines of gray cod weighing 
4 to 7 pounds, and the vitamin A content of these organs and their oils. 


Vitamin A (blue units per gram) 


14,500 | 


lot, rather than the mean of the total fish in each lot, in which the weight of 
the fish was quite variable. The per cent of oil in the livers tends to be lower 
during the summer months than at other times. As the per cent of oil increases 
during the fall and winter months the vitamin A content of the liver oil decreases. 
This confirms previous observations on the inverse ratio between the yield and 
Due to the wide variations in the vitamin A 
content of the liver (expressed per gram of tissue) it is doubtful if a true seasonal 
variation exists in this constituent of the liver, but in general the values obtained 
during the summer months are higher than during the spring and fall months. 
Both the oil and the vitamin A content of the intestines (per gram of tissue) 
are considerably lower than those of the liver. 














| Intestinal 





oil 





| 15,100 
28,400 | 
21,000 | 
44,000 | 
5,000 
30,200 
17,600 








33,000 
13,300 








TABLE III. Variations in the yield of oil from livers and intestines of gray cod in relation to 
the weight of the fish, and the vitamin A content of these organs. 


| 
Oil (per cent) Vitamin A 
Weight group Fish Frequency (blue units per gram) | 
(pounds) (number) | occurrence — \—— 

| Intestines Liver | Intestines | 
| | ae 
1,630 | 670 
2,650 920 
3,120 1,090 
3,260 590 
2,350 700 
2,600 | 610 
2,450 810 
1,730 590 
3,980 750 
3,210 | 630 
4,000 | 440 
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20.6 
33.5 
15.7 | 














KF NF WONHNN NNN ND W 


mont oP & OO 
IWMOMwW 





1 pound = 0.453 kilogram 


The variations in the per cent of oil and in the vitamin A content of the 
liver and of the intestines in relation to the size of the fish are shown in table III. 
There does not appear to be any direct relation between the weight of the fish 
and either the oil content of the liver or the vitamin A content of the liver and 
of the intestines. This is not in accordance with the results obtained with halibut 
(Pugsley 1939). Fishermen have reported catching gray cod weighing 30 to 40 
pounds (14 to 18 kg.) and possibly the weight interval selected for the groups 
is too small to bring out the effect of the age of the fish on the vitamin A potency 
of the liver oil. 

The seasonal variations in vitamin A, vitamin D, unsaponifiable matter 
and iodine number of the pooled monthly samples of liver oil are shown in 
table IV. The variations in the vitamin A content of the liver are similar to 
those commented upon above. The vitamin D potency appears to be higher 
during the summer months than during the fall and winter months. There 
appears to be a direct relationship between the weight of the fish and the vitamin 
D potency of the liver oil in the sample of May 8; however it is felt that further 
assays should be carried out before any generalizations are made from these 
results. Practically all the vitamin D values are higher than those reported by 
McPherson (1937) for Atlantic cod liver oil. The per cent of unsaponifiable 
matter in these samples is also higher than usually reported for Atlantic cod 
liver oil. Harris (1938) reports that most of the values for the latter oil are 
between 0.9 per cent and 1.3 per cent and the upper limit for authentic samples 
is 1.5 per cent. Since the vitamin A and D potencies of this oil are higher than 
those of Atlantic cod liver oil, a higher percentage of unsaponifiable matter 
would be expected in the former oil. On the other hand the iodine numbers 
are within the range usually found for Atlantic cod liver oil. The sample of 
intestinal oil, representing approximately 23 kg. of intestines, shows a relatively 
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TABLE IV. Seasonal variations in vitamin A, vitamin D, unsaponifiable matter and iodine 
number of pooled monthly samples of gray cod liver oil. 




























































































| | 
Vitamin A | Vitamin D Unsaponi- 
Date of catching, Fish (blue units |(international fiable lodine | 
1938-39 (number) per gram units) matter number 
of oil) (per cent) 
Liver oils: 
Aewre BB... 5... 19 2,500 85 1.12 150.5 
Se. ea seek wer 39 7,100 500 2.62 180.7 
SRR. oo ak a besten te 14 6,700 400 2.03 155.8 
Aug. 2 22 1,900 425 1.72 179.5 
RR 5b )u.5 te Ss be w 27 2,700 350 1.50 164.6 
SN a's s pink hale xe 4 3,000 125 2.67 167.2 
S Saeeeron 4 | 2600 | nn 166.7 
UE sansa yws vs 12 3,700 150 1.76 165.8 
PUD. casas sactaes te 20 2,200 — | 1.10 173.7 
May 8 (4-61b.)...... 24 «=| 5,100 200 | 2.04 175.2 
| May 8 (6-12Ib.)..... 32 5,000 600 | 1.71 180.4 
May 8 (12-14lb.)..... 6 9,500 1,000 | 2.84 185.6 
Intestinal oils: 

(Aug. to April)........ pm 28,000 35 | 10.54 | 145.5 











high vitamin A content and a low vitamin D potency. The high value for the 
unsaponifiable matter is characteristic for this type of oil. 
A summary of the mean values, with their standard deviations, of the 


various determinations carried out on the total number of fish obtained is given 
in table V. 











TABLE V. Summary of data. 














| | 
| Mean Standard | 
| deviation 
a a - _ — = _ | = _ = amet _ 
| Per cent of total viscera in fish........ | 8.89 51 
| Per cent of liver in fish... Sie | 3.01 1.19 | 
Per cent of intestines in fish.......... 3.29 0.67 
Per cent of oil in liver............... 31.2 11.7 | 
Per cent of oil in intestines........ ‘ 2.4 os 
| Vitamin A (blue units per gram) 
MESS cise e ns « Se er ee 1,400 740 
PNR cs toe tA enee oes eee 390 220 
RINE ce Mtoe tt baum 6,500 8,800 | 
SN OEE OEE ET | 16,000 12,600 
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Resistance of Atlantic Salmon to Sea Water 


By A. G. HUNTSMAN AND W. S. Hoar 
Fisheries Research Board of Canada 


(Received for publication September 9, 1939) 


ABSTRACT 


As salmon parr, with increase in size, withstand sea water only as much longer as expected 


by the relation of surface to mass, full ability to endure sea water must develop abruptly on 
transformation into the smolt. 


The Atlantic salmon (Salmo salar), which spawns in fresh water where the 
young pass the first few years of their lives, attains the greater part of its growth 
in the sea. Bert (1871) observed that young salmon die when placed in sea 
water and that, while an alevin died in one and a half hours, a parr, 12 cm. long, 
survived for six hours. The young salmon, as fry or parr, were found in 1926 by 
Dr. F. R. Hayes and’in 1929 by Dr. R. H. M’Gonigle, in work at the Atlantic 
Biological Station, to die in sea water. Mr. Michael Graham of the Lowestoft 
Fisheries Laboratory informed me in 1931 that Mrs. Graham (Edith Meek) had 
found salmon smolts to withstand sudden transference to sea water (also Roberts 
and Jee 1923), and Dr. A. A. Blair found this true when studying their growth 
a few years ago. 

In nature the smolts descend to the sea, and doubtless not infrequently pass 
quite abruptly into sea water from river water. As observed in June of 1936 
at the mouth of the Margaree river, Cape Breton island, they are quite inactive 
for a time when entering sea water abruptly, and may be seen scattered near the 
bottom where there is very little movement of water. Although able to with- 
stand the sudden change, they seem to be unfavourably affected by it for a time. 

Even in the parr stage salmon may pass abruptly into full sea water. The 
Matamek river of the north shore of the gulf of St. Lawrence discharges into the 
sea without an estuary. At the Matamek Conference on Biological Cycles in 
1933, Dr. W. R. Blair brought us young salmon in the parr stage that he had 
picked up on the beach near the river mouth. These had quite evidently died 
upon being carried into the sea. In September, 1933, Mr. E. G. Rigby found a 
dead salmon parr in the weir of the Atlantic Biological Station, St. Andrews, 
New Brunswick, fifteen miles (25 km.) below the head of tide in the St. Croix 
river, after a very heavy freshet that followed a torrential downpour of rain. 

Chaisson (1934) attempted to acclimatize the salmon parr to sea water by 
exposing them to sea water (about 30°/,.) for longer and longer portions of the 
day in tidal pools at progressively lower levels. There was evidence of increasing 
ability to withstand the sea water. It seemed desirable to discover whether the 
ability of salmon to withstand sea water develops gradually during the parr 
stage or is acquired abruptly on transformation into the smolt stage. 
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In 1937 at the Margaree river we attempted to determine differences between 
parr of various sizes in ability to withstand mixtures of sea water with river 
water in various proportions. 


METHODS 


The parr were kept in jars placed near each other in the flowing water of 
Duck Cove brook, and those of the various sizes were exposed to the fresh and 
sea water mixtures simultaneously, so that the course of the temperature and 
light changes would be the same for all those that would be compared with 
each other. 
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Figure 1. Survival time of young salmon of various sizes in sea water of various salinities. 





By experiment it was determined how frequently the water in the jars 
needed to be changed, taking into account the weight of the fish and the tempera- 
ture, in order to avoid asphyxiation. In the final experiments the water was 
always changed well within the period found necessary. 


RESULTS 





The data for salinities of 20 and 28°/,, have been plotted in figure 1. At 
10°/.. the fish lived over 45 hours, as they did in the fresh water control. In 
experiment A the temperature during the first day did not rise as high as it did 
in experiment B; therefore the times before death occurred are definitely longer 
in experiment A. All sizes of fish died in the higher salinities while surviving 
in the lower salinities. 

It is clearly evident that the larger the fish the longer it survives the high 
salinity, and also that the higher the salinity the shorter the survival time. In 
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other words the lethal process is a function of the salinity and of the size of the 
fish. Presumably the sea water acts through the surfaces of the body exposed 
to it. Central (nervous) death will doubtless be the result of sufficient change 
in the blood. If the proportions of the parts of the fish remain constant, with 
increase in size of the fish the exposed surface will increase as the square, and the 
volume of the blood as the cube, of any diameter. On this basis a doubling of 
the length of the fish should lower the rate of the lethal process by virtue of the 
change in the relation of such surface to such volume. Doubling the length 


2? itl 
changes this relation by t which is %. For a fish double the length of another 


the lethal process should be only half as rapid, and the time required should be 
twice as long. The time should on this basis vary directly as the length. If, 
with increase in the size of the fish, the tissues are more able to withstand the 
sea water, the large parr should survive for a longer time than would be expected 
merely on the basis of increase in length. 

The exact times of death are not known, but it will be seen in figure 1 that, 
within the limits of the observations, for each salinity in each experiment (except 
salinity 28°/.. in experiment B) the straight line relationship involved in the time 
varying with the length of the fish holds. In experiment B at salinity 28°/., 
the smaller fish lived longer than would have been expected from all the other 
results. To explain this, it can only be surmised that in some way fresh water 
from the brook entered the jar. There is no indication of such greater resistance 
of large individuals as would suggest that the tissues become more resistant to 
sea water. Further and more accurate experiments are required for more detailed 
elucidation of the lethal process. 


CONCLUSIONS 


It is concluded that salmon parr, as they increase in size, become more 
resistant to sea water only to the degree to which the exposed surfaces through 
which the sea water must act, become less in proportion to the mass of the body, 
in particular the blood. Evidence fails to show any increase in the resistance 
of the tissues to the sea water. 

It follows that the salmon develops rather abruptly, when transforming 
from the parr to the smolt stage, the ability to live in sea water. 
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Studies of Fish Spoilage 


VI. The Breakdown of Carbohydrates, Proteins and Amino Acids 
During Spoilage of Cod Muscle Press Juice 





By S. A. BEATTY AND V. K. COLLINS 
Atlantic Fisheries Experimental Station 


(Received for publication July 3, 1939) 


ABSTRACT 


Autolytic changes in cod muscle press juice are negligible in proportion to the changes 
resulting from bacteria ordinarily contaminating the press juice during its preparation. During 
early spoilage, the greater part of the bacterial action on expressate even in intimate contact 
with air is the result of anaerobic growth. Later, when the press juice is definitely spoiled, aerobic 
oxidation assumes the major part if air is available. Spoilage in sea fish expressate always occurs 
in two stages irrespective of the availability of air, first the oxidation of lactic acid and sugar, 
and second that of amino acids and the hydrolysis of proteins. The second stage represents 
advanced spoilage. As trimethylamine production occurs mainly during the first stage, it is a 
good criterion as to the probable production of toxic compounds resulting from protein and amino 
acid breakdown. 





























Previous work from this laboratory has shown that trimethylamine is pro- 
duced rapidly during the period of rapid multiplication of bacteria in cod muscle 
press juice, that very small amounts are produced by autolysis (Beatty and 
Gibbons 1937), and that trimethylamine is derived from trimethylamine oxide 
(Beatty 1938). It is apparent that trimethylamine oxide is reduced, providing 
a source of oxygen for the oxidation of the substrate, and that, at least to a 
considerable degree, the spoilage is anaerobic. Watson (1939a) has shown that 
two types of spoilage, aerobic and anaerobic, do exist, and that anaerobic spoilage 
predominates. The purpose of the present communication is to show the changes 
in carbohydrates, amino acids, and proteins as a result of autolysis, of anaerobic 


growth, and of semi-aerobic growth such as one would expect at the surfaces of 
fresh fish and fillets. 


EXPERIMENTAL WORK 
CHOICE OF SUBSTRATE 





Since Watson (1939a) was so well able to demonstrate the effect of the 
presence and absence of air on fish spoilage by utilizing pre-rigor cod muscle 
press juice; since he was able to correlate the production of trimethylamine with 
bacterial growth, rendering bacterial counts unnecessary in the duplication of 
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his conditions; and since the effect of autolysis in press juice can be followed by 
preservation with toluene, muscle press juice was utilized for this investigation. 
It is likely that quantitative differences exist between the spoilage of muscle 
press juice and that of the muscle itself, but it is difficult, if not impossible, to 
follow spoilage in muscle tissue, because of its semi-solid nature which tends to 


unevenness of bacterial contamination and because of the difficulty of accurate 
sampling. 


PREPARATION OF SUBSTRATE 


Autolytic action in the press juice was followed by placing the volume 
required for analysis, usually 30 ml., in each of a number of 200 X25 mm. pyrex 
test tubes equal to the number of samples required, adding two drops of toluene 
to each tube, corking them tightly and shaking them vigorously to ensure an 
even distribution of toluene throughout the press juice. 

The use of toluene as a preservative in the study of autolytic phenomena 
has two distinct disadvantages. It is not bactericidal and in concentrations 
used slows down but does not inhibit multiplication. Therefore the curves shown 
representing autolytic changes may be the result of both bacterial and autolytic 
enzymes. Since it will be seen that these changes are negligible in proportion 
to the pronounced breakdown resulting from unimpeded bacterial multiplication, 
it would appear that the influence of bacteria in the presence of toluene is 
negligible. The second difficulty, a much more serious one, is the possibility 
of inhibition of some autolytic processes by the preservative. The use of toluene 
was necessitated by the extreme difficulty of producing. expressate free from bac- 
teria. In the earlier experiments of Beatty and Gibbons (1937), it was found 
possible to obtain only small bits of tissue by aseptic technique. Therefore the 
separation by aseptic means of a volume of press juice sufficient to permit the 
extensive analyses required, was deemed impossible. It is also well nigh im- 
possible to filter any quantity of press juice with a bacterial filter, owing to the 
extreme unstable nature of the muscle proteins, which even at the freezing point 
very rapidly seal the filtering medium so tightly that no press juice can pass. 
Using a Seitz E. K. filter, about 5 ml. of press juice could be obtained. This was 
not sufficient for our purposes, but it could be used to determine whether or not 
toluene inhibits the changes we attempted to follow. As will be seen in the 
discussion of the autolysis of the press juice, the results obtained with toluene 
are very similar to those obtained with filtered juice. 

Anaerobic conditions were obtained by filling the same number of 33 ml. 
test tubes with press juice and corking them tightly. While a small amount of 
air is dissolved in the press juice and a small amount remains above the press 
juice, Watson (1939a) has shown that this press juice retains considerable respira- 
tory activity and strongly reduced conditions soon develop. 

Reasonably intimate contact between air and the press juice was made by 
placing 30 ml. press juice in each of the required number of 500 ml. Erlenmeyer 
flasks, and corking the flasks loosely with cotton wool. Since a loss of trimethyl- 
amine was observed to occur in advanced spoilage in one of our earlier experi- 
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ments, this loss was obviated in all later work by arranging acid traps between 
the flasks and by passing a slow current of air through them. Watson (1939a) 
has shown that in the closed tubes the press juice retains sufficient respiratory 
activity to produce a negative oxidation-reduction potential, while in the thin 
layers of press juice the potential remains positive. In the following figures, 
graphs referring to the former condition are designated ‘‘E H negative’’, and to 
the latter, ‘‘E H positive’. Watson has shown also that in the latter case, with 
an environment that would ordinarily be considered aerobic, both aerobic and 
anaerobic growth proceeds, the anaerobic growth being attributed to the high 
oxygen demand and the low solubility of oxygen. Watson found a much more 
rapid proliferation here than in the closed tubes, and it might be inferred there- 
fore that the degradation of the substrate is materially faster. The experiments 
reported here were conducted to throw some light on the relative importance of 
the anaerobic-aerobic spoilage that must take place at the surface as against 
that of the completely anaerobic spoilage proceeding in the deeper tissues of 
sea fish. 

The three series of samples were incubated at various temperatures, samples 
being withdrawn at suitable intervals for analysis. 


CONDITIONS AT START OF STORAGE PERIOD 


Fairly complete knowledge of conditions obtaining in the press juice at the 
start of the storage period may be deduced from the exhaustive studies made on 
voluntary muscle. The cod fish utilized in these experiments were taken on 
trawl lines, and as has been shown by Leim, Macleod and Simpson (1927), are 
in an exhausted condition on reaching the boat. They were transported to the 
laboratory in sea water in barrels, the sea water being changed several times in 
transit. Invariably rigor mortis sets in immediately after death. Since no 
fish showing signs of rigor were used, the muscle press juice was obtained entirely 
from live muscle in a very advanced state of exhaustion. The fish were filleted 
immediately on reaching the laboratory, the fillets were run through a meat 
chopper, and the ground muscle tissue was pressed for approximately an hour, 
in a room the temperature of which varied between 0°C. and 5°C. 

It is obvious from the’great volume of work done on fatigued muscle that 
the glycogen content of the expressate must be very low. Glycogen determina- 
tions by Blatherwick’s (1935) adaptation of Pfliiger’s method showed not more 
than 3 mg. per 100 ml. press juice. In view of Kerly’s (1930) determinations of 
the solubility of glycogen in alkaline alcohol solutions there may be some doubt 
of the accuracy of these results. The possible presence of more than merest 
traces of glycogen will be discussed later. Under such violent stimulation, 
phosphocreatine should be entirely broken down and the maximum traumatic 
ammonia should be produced. Determinations of hexose phosphate by Cori’s 
(1931-1932) method showed none present. Hence one may conclude with 
reasonable certainty that the main sources of carbohydrates or carbohydrate 
derivatives are muscle sugar, lactic acid, and possibly a small amount of glycogen. 
While the treatment of the fish muscle is very drastic, the muscle stimulation 
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is not materially greater than in the commercial fishery, and the reactions resulting 
from this stimulation should not be carried much further than in commercial 
fish as landed from the fishing vessels. 


CHANGES IN PREss JUICE DURING STORAGE 


The oxidation of carbohydrates was followed by the determination of lactic 
acid, carbon dioxide and sugar. Lactic acid was determined by the method 
of Friedemann and Graeser (1933). The decomposition of this compound at 
0.5°C., 5°C., and 25°C. is shown in figures 1 to 3. The early increase shown in 
figures 2 and 3 was encountered in all experiments but that recorded in figure 1. 
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FiGuRE 1. Spoilage in cod muscle press juice at 0.5°C. Oxidation of lactic acid and production 
of carbon dioxide. 


The origin of this lactic acid is not clear. As stated previously, the maximum 
glycogen found was about 3 mg. per 100 ml. whereas increases of 20 or 30 mg. 
lactic acid during the early storage period were encountered. While Meyerhof 
has shown that the enzyme system necessary to convert sugar to lactic acid is 
present, figure 2 shows no change in sugar during this increase. There is some 
possibility that lactic acid is derived not from glycogen but from some inter- 
mediate between the latter substance and lactic acid. MacPherson (1932) could 
not get an accurate balance between glycogen decrease and lactic acid increase. 
This work was repeated by Sharp (1935) who did get a better balance. It is 
doubtful whether, in the experiments as performed, either of these experimenters 
worked with sufficient accuracy to determine the matter with certainty. Simpson 
and Macleod (1927), and Anderson and Macleod (1930) report the same dis- 
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crepancy between glycogen decrease and lactic acid increase in mammalian muscle, 
but Cori (1932) got a balance between glycogen plus hexose phosphate decrease 
and lactic acid increase. As previously stated we were unable to demonstrate 
hexose phosphate in our material. Therefore, we have failed to determine 
whether the additional lactic acid is derived from glycogen or from some other 
precursor. This failure may be due to the solubility of glycogen in alkaline 
alcohol solutions as shown by Kerly. 

In figure 1 a slight decrease in lactic acid in the presence of toluene is shown, 
but in figure 2 the line is straight after the first rise. The decrease shown in 
figure 1 is believed to be due not to autolytic enzymes, but to a slight bacterial 
activity. 
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FiGuRE 2. Spoilage in cod muscle press juice at 5°C. Oxidation of lactic acid and sugar. 


As previously stated, toluene either may not entirely restrain bacterial 
action or may inhibit autolytic action. To check the effect of toluene, a small 
sample of press juice was filtered through a bacterial filter, and stored with the 
same press juice unfiltered’until in the latter the lactic acid had been broken 
down. On analysis, the sterile press juice was found to contain 29 mg. lactic 
acid per 100 ml. more than the original value, a rise approximately equal to that 
encountered when toluene is used. Hence it is concluded that toluene has no 
appreciable effect either on lactic acid production or on its degradation by auto- 
lytic enzymes, and that the breakdown of lactic acid by enzymes originating in 
the fish muscle is less than the experimental error. 

The slight difference between the decrease of lactic acid in air and that re- 
sulting from anaerobic growth as shown in all three figures, is somewhat unex- 
pected in view of the very much larger bacterial population in the former case, 
Watson (1939a) having found the population in juice in contact with air to be 
as much as 100 times that in the same press juice out of contact with air. 
Watson has shown the anaerobic growth to be of facultative rather than obli- 
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gate anaerobes, and that even when air is blown forcibly over the surface of a 
thin layer of press juice anaerobic growth continues. The trimethylamine curves 
in figures 1 and 3 show that here, too, the utilization of trimethylamine oxide is 
almost as rapid in the presence of air as in its absence. Trimethylamine oxide 
would appear to be the most important hydrogen acceptor for the anaerebic 
growth of these organisms as the anaerobic spoilage of the muscle expressate of 
Anguilla, which contains the oxide only in traces, is very much slower than that 
of sea fish muscle high in oxide (Beatty and Collins, unpublished). Therefore, 
the rate of trimethylamine production should be a measure of the anaerobic 
oxidation of the substrate, and in figure 1 where the trimethylamine curves are 
approximately the same, the difference between the lactic acid curves should in- 
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FiGurRE 3. Spoilage in cod muscle press juice at 25°C. Oxidation of lactic acid. 


dicate the aerobic oxidation of lactic acid. It is seen that this is actually less 
than the anaerobic oxidation. Since the state of preservation of the tissues is 
determined by the amount of destruction, bacterial counts would not appear to be 
dependable as an indication of the quality of sea fish muscle. 

It was shown previously (Beatty and Gibbons 1937, Watson 1939a), that 
the period of rapid trimethylamine increase corresponds to the period of rapid 
bacterial multiplication. The increase in trimethylamine is accompanied by a 
decrease in lactic acid, showing the latter compound to be a very important source 
of energy for bacterial growth. Watson has shown that in the anaerobic tubes 
growth slows down as trimethylamine oxide approaches exhaustion. All three 
figures show a corresponding decrease in the rate of lactic acid oxidation at this 
time. In the presence of air the continued decreases in lactic acid show that true 
aerobic growth is able to proceed quite well after the trimethylamine oxide is 
reduced, and in figure 3 even before it is reduced. 
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As a result of observations on the action of washed reducing Achromobacte: 
on simple media containing trimethylamine oxide and lactic acid, Watson (1939b 
concluded that the following reaction occurs representing the oxidation of the 
lactic acid. 

CH;CHOH.COOH +2(CH;);NO->CH;COOH +CO,+H,0 +2(CHs)3N. 

For the reduction of one mg. of lactic acid, trimethylamine oxide equivalent 
to about 0.3 mg. nitrogen is required. In figures 1 and 3 it is seen that more than 
twice this amount of oxide is reduced. To oxidize sugar to the same extent, 
part of this excess of oxygen would be required, but there is still a discrepancy 
that must be accounted for either by the more complete oxidation of lactic acid, 
or by the oxidation of other compounds. It will be shown later that the oxidation 
of nitrogenous compounds during this period is extremely small. We know of no 
carbohydrate in sufficient quantity to create this oxygen demand. Probably 
with different species of organisms present the oxidation is carried further than 
that shown in Watson’s scheme. 

In the determination of the rate of sugar breakdown some difficulty was 
encountered in securing reproducible results. None of the common reduction 
methods gave true sugar values, a considerable amount of reduction resulting 
from substances other than sugar which were not removed entirely by any com- 
mon protein precipitant. For example, the apparent sugar obtained by precipi- 
tation of the proteins with the iron precipitant of Steiner, Urban and West (1932), 
and the analysis of the filtrate by the Shaffer and Somogyi (1933) method could 
be approximately doubled by doubling the heating period. The lowest and most 
consistent results were obtained by precipitating the proteins with the mercuric 
sulphate reagent of West, Scharles, and Peterson (1929) and determining the 
sugar by the Shaffer and Somogyi method, being very careful always to repeat 
the boiling time exactly. These values are probably about 10 mg. per 100 ml. 
press juice too high, because neither yeast fermentation nor bacterial action lowers 
the sugar value as obtained by copper reduction below 9 to 12 mg. per 100 ml. 

Figure 2 shows the changes in sugar in press juice stored at 5°C. Under 
toluene there is no measurable decrease in sugar. Small amounts of filtered press 
juice, stored until the sugar had reached a minimum in the same press juice 
unfiltered, showed no decrease. Therefore the autolysis of sugar in press juice 
within the storage time of’/these experiments is not measurable. 

Figure 2 shows that sugar and lactic acid are attacked at the same time. 
The slight difference between the degradations resulting from the presence and 
absence of air are shown. The fall of sugar is sufficiently rapid to be possibly of 
some value as an indication of freshness in fish containing no trimethylamine 
oxide. 

Carbon dioxide increases as determined by Van Slyke’s volumetric method 
are shown in figure 1. Again from the appearance of the two curves the anaerobic 
oxidation of the substrate should be actually slightly greater than the aerobic. 

Amino nitrogen in the press juice was determined by precipitation of the 
proteins with trichloracetic acid and the analysis of the filtrate by Kendrick and 
Hanke’s (1937) modification of Van Slyke’s gasometric method. Ammonia 
nitrogen was calculated by the difference between the total volatile basic nitrogen 
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and the trimethylamine nitrogen, previous work having shown that no other 
volatile basic nitrogenous constituents are produced in amounts sufficiently large 
to affect these values materially. Some measure of protein degradation was 
attempted by hydrolysis of the trichloracetic filtrate followed by the elimination 
of the ammonia and the determination of amino nitrogen. It is well recognized 
that trichloracetic acid does not precipitate protein degradation products quanti- 
tatively and that subsequent hydrolysis should increase the free amino nitrogen 
if proteins are broken down. But it was found that some constituent of the 
expressate other than protein degradation products interfered to such an extent 
that the method was discarded. 
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FiGuRE 4. Spoilage of cod muscle press juice at 5°C. Changes in nitrogenous constituents. 


Figures 4 and 5 show changes in amino acid nitrogen and ammonia nitrogen 
in muscle press juice at 5°C. and 25°C. respectively. In figure 4 a small pre- 
liminary increase in amino nitrogen is observed. This was found in all experi- 
ments but that shown in figure 5. The failure in the latter case may be due 
to the fact that since the juice was to be stored at room temperature, fewer 
precautions were taken to keep the press juice cold previous to analysis, and 
this small transitory increase may have been complete during this time. It is 
obviously not bacterial in origin as it occurs both in the presence and in the ab- 
sence of toluene, and before bacteria have developed appreciably as shown by 
trimethylamine increase. 

After this preliminary rise the curves for amino acids in the presence of 
toluene show that if there is either amino acid degradation or protein hydrolysis, 
they are proceeding at equal rates. Since these experiments were repeated 
several times with the same results one can conclude that there is no change in 
either proteins or amino acids measurable by the above method. 

In the absence of air the bacterial breakdown of amino acids at both 5°C. 
and 25°C., as shown by a decrease in amino nitrogen, is seen to result in approxi- 
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mately equal increase in ammonia nitrogen, showing deaminization to be taking 
place. Since the decrease in amino acid nitrogen is continued throughout the 
whole storage period, and since the increase in ammonia always approximates 
the decrease in amino nitrogen, any protein degradation that may occur in this 
period is not measurable by the method. On longer storage amino nitrogen does 
increase, showing that protein breakdown occurs. 

In the presence of air, amino acid decomposition starts at the same time as 
with anaerobic growth alone, but in this case the decomposition is considerably 
faster. This decomposition is accompanied by less than the equivalent rise in 
ammonia at 25°C. and by an actual decrease in ammonia at 5°C. Spoilage 
curves at 0.5°C. showed a similar decrease. It does not appear probable that 
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Ficure 5. Spoilage of cod muscle press juice at 25°C. Changes in nitrogenous constituents. 


this nitrogen is utilized in the actual increase in bacterial mass, as multiplication 
is slowing down before it makes itself evident and because the actual loss in 
nitrogen would appear to be too great. Since under strict anaerobiosis the amino 
acids are shown to be deaminized, it would appear probable that here, too, 
deaminization is the first stage. The resulting ammonia was not lost, as the 
system was completely trapped. Tests for nitrates and nitrites were negative. 
A possible explanation results from the work of B. Lloyd (1931), who isolated 
a number of denitrifying organisms from sea water. Possibly the discrepancy 
may be explained by the escape of molecular nitrogen. The subsequent increases 
in ammonia and amino acids show that protein degradation becomes very rapid. 

It is unfortunate that all analyses could not have been done on one sample 
of press juice. But trimethylamine determinations were done on all samples, 
and the trimethylamine values permit of comparisons of the various curves. 
Spoilage is seen to proceed in two stages, very distinct at low temperatures, and 
less distinct at 25°C. The first stage is the oxidation of carbohydrates and lactic 
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acid with the simultaneous production of trimethylamine. Trimethylamine can 
be detected organoleptically at about 4 mg. nitrogen per 100 g. muscle, and the 
odour is very definite at 20 mg. The second stage, the degradation of amino 
acids, starts at a-trimethylamine level of at least 30 mg. nitrogen, that is, after 
the odours are sufficiently pronounced to render the product repulsive to a 
large proportion of the consuming public. 


DISCUSSION 


In the present investigation, autolytic changes during the actual storage 
period were found negligible in comparison with the pronounced disintegration 
resulting from bacterial action. It is true that the non-bacterial breakdown 
previous to storage such as the production of lactic acid from glycogen, the pro- 
duction of traumatic ammonia, and the disruption of phosphagen, is very pro- 
nounced, and the early changes noted in the curves and assigned to autolysis 
may be the result of those reactions initiated before the storage period started. 
There was no evidence of proteolysis. 

Chen and Bradley (1924) found autolysis very slow in the striated muscle 
of warm-blooded animals, and that in fish muscle even slower. Carp muscle did 
not autolyse unless acid were added and mollusc muscle autolysed very slowly 
even after the addition of acid. Reed, Rice and Sinclair (1929) reported rapid 
autolysis in haddock and lobster muscle and very rapid autolysis in clam. They 
advanced the hypothesis that this proteolysis makes the substrate more available 
for spoilage bacteria. This discrepancy would appear to be due to the failure on 
the part of the latter workers to impregnate the muscle brei with toluene thorough- 
ly enough to arrest entirely the multiplication of bacteria. Hess (1932), using 
toluene as a preservative for 1.5 per cent saline extracts of fish muscle, found 
practically no rise in volatile bases, whereas with muscle emulsions preserved 
with toluene the increase in volatile bases was quite rapid. He suggested that 
the emulsion, because of its physical consistency, could not be saturated with 
toluene, and therefore that bacterial action could proceed at a limited rate. 
The discrepancy between our results and those of Reed, Rice, and Sinclair has 
a reasonable explanation. 

Since throughout this work no attempt was made to determine the type or 
types of organisms concerned with the spoilage, one might ask whether these 
reactions always occur in decomposing fish muscle or fish muscle press juice, 
or whether an entirely different train of events would follow contamination by 
different organisms. It has been shown for the Pacific coast (Fellers 1926, 
Bedford 1933) and for both Atlantic coasts (Stewart 1930 and 1934, Harrison 
1918, Reed and Spence’ 1929, Gibbons 1934) that commercial fish are con- 
taminated principally from slime and fecal organisms of the fish themselves, and 
that these are always of the same types. Hence spoilage should always follow 
the same course unless subsequent treatment eliminates the greater part of 
the original contamination and replaces it with organisms from other sources. 
Whether or not the types of organisms contaminating the substrate are always 
the same, repeated experiments have shown that the course of spoilage is always 
the same under the same conditions. Therefore, while an exhaustive study of 





422 


these organisms is very desirable, the lack of it does not prevent the chemical 
investigation of spoilage phenomena. 


The breakdown of fish muscle resulting from bacterial action is seen to have 
two distinct phases, the first being the disruption of sugar, lactic acid, and possibly 
other carbohydrates or carbohydrate derivatives such as glycogen or pyruvic 
acid. This breakdown is accompanied by a rapid production of trimethylamine 
in either the presence or the absence of air. When carbohydrates have been 
oxidized to a considerable extent, the second phase, the disruption of amino acids 
and protein, starts. By this time the sample is definitely spoiled as judged 
by organoleptic tests. 

These results tend to clarify very materially the picture of fish spoilage. 
Spoilage may be judged by several criteria, organoleptic tests, decrease in food 
value, the accumulation of end products of bacterial metabolism or the production 
of specific bacterial toxins. All foods must sooner or later undergo organoleptic 
tests, but these tests are subjective tests, and many factors determine their 
sensitivity. Because of the variations in sharpness of senses, some consumers 
of sea fish may detect the amine more readily than others, while to some the 
presence of the amine may be more repulsive than to others. Therefore, while 
fish with trimethylamine as high as 40 or 50 mg. nitrogen per 100 g. tissue may 
find a market, it by no means follows that this fish finds general acceptance. 
The condition of the product likewise determines the volatility of the spoilage 
odour. Fish at low temperatures give off much less odour than when at room 
temperature. Fish that has just been unpacked smells more strongly than the 
same fish in circulating air. All these factors make organoleptic tests very un- 
certain at best. 


There is actually little loss in food value before pronounced odours are 
discernible. The curves show that the main loss is approximately 0.2 per cent 
lactic acid and a trace of sugar. 


The experiment as designed fails to give any data on the formation of toxic 
compounds, either ptomaines from protein decomposition or specific bacterial 
poisons. From figures 4 and 5, one would infer that since deaminization origin- 
ates only after the fish has become definitely spoiled, decarboxylation and higher 
amine formation would likewise occur after the fish is no longer acceptable as 
food. But it should be noted that at high temperatures where fish are rapidly 
spoiling, there is a possibility that ptomaines might be produced very soon after 
trimethylamine starts to rise. There is a definite danger of very rapid spoilage 
even with ptomaine production during delivery and in the housewife’s kitchen 
during summer weather. We have reason to believe that in our inland centres 
the state of preservation of fish is approximately as good in summer as in winter. 
The rapid spoilage that must occur in this fish which has already been stored for 
a long period, as soon as it is taken from refrigerated storage and is packaged 
for delivery may be the main reason for the very material falling off of fish 
consumption during the warm weather. As to the production of specific 
bacterial poisons in untreated fish, the literature contains so few cases that 
this danger would appear to be slight during the period in which the fish is 
acceptable even to the less discriminating consumers. 
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One can conclude that in fish containing trimethylamine oxide there is no sig- 
nificant loss in food value, no formation of ptomaines or bacterial toxins in either 
the surface or the deeper tissues before trimethylamine develops, and that the 
latter compound constitutes a real warning and a definite criterion as to what is 
safe and as to what very soon may be dangerous. Since the events follow each 
other with such rapidity once the reduction of the oxide starts, it is our belief 
that no fish showing measurable increase in trimethylamine should be allowed 
to reach the consumer. 


CONCLUSIONS 


After the early post mortem changes, such as the breakdown of glycogen 
and phosphocreatine and the formation of traumatic ammonia, autolysis of sea 
fish muscle, that is contaminated by spoilage bacteria, is negligible in proportion 
to the action of the bacteria. 

In thin layers of cod muscle press juice, the growth is both anaerobic and 
aerobic, the actual oxidation of the substrate being mainly anaerobic. 

In spoiling cod muscle expressate, the breakdown always proceeds in two 
stages, first the oxidation of lactic acid and sugar, and after these reactions are 
well under way, the oxidation of amino acids. 
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Hydrographic Features of the Waters of Saint John Harbour 
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ABSTRACT 


lhe salinity distribution of Saint John harbour waters varies greatly with the phase of 
the tide. After a dry summer, with comparatively small discharge from the river, the salinity 
at any phase of the tide did not fall below 22.00°/o, and salinities greater than 32.00°/o penc 
trated the harbour at the greater depths. At times of spring freshets, the harbour was thoroughly 
bathed, at certain phases of the tide, with waters of a salinity less than 5.0°/o. At other phases 
of the tide, salinities greater than 30.00°/o penetrated into the harbour. Formulae have been 
derived to express the annual variation of water temperatures, and the relationship betwee 
harbour salinities and river discharge. 


INTRODUCTION 


Engineering specifications of wharf piling in Saint John harbour involve 
knowledge of the protection necessary to prevent destruction by pile borers. 
To obtain this knowledge, the Fisheries Research Board of Canada was asso- 
ciated with the Saint John Harbour Commission and the Atlantic Sugar 
Refineries in an investigation of conditions in the harbour. One phase of this 
investigation was concerned with determining the chief hydrographic features 
in this area. 

Hachey (1935) has dealt previously with the area, outlining the general 
physical features, the nature of the waters, the mixing mechanism of the reversing 
falls, and the influence of the estuarial waters on the waters of the bay of Fundy. 
The chief object of the present investigation was to determine the relation 
between the inflow of fresh river water and the general distribution of salinity 
of the waters within the harbour. A number of stations were occupied for 
observational purposes, and the location of these stations is indicated in figure 1. 


GENERAL DATA 


Daily observations of surface and bottom water temperatures and salinities 
were made off the wharf of the Atlantic Sugar Refineries (station 1) throughout 
the period from November, 1934, to October, 1935. These temperatures and 
salinity data, obtained by the staff of the chemical laboratory of the Atlantic 
Sugar Refineries, were used to determine monthly mean values. The monthly 
mean temperatures for surface and bottom waters are tabulated, and those for 
the surface plotted, in figure 2, which furnishes a theoretical temperature curve 
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for the surface waters. The observational data fit the theoretical curve fairly 
satisfactorily, with the exception of those for April and June. The temperature 
of the discharge waters of the Saint John river is a big factor in determining the 
temperature of harbour waters. This is illustrated forcibly by the April tem- 
peratures, which reflect the cooling effect of the ice and ice-cold waters of the 
freshets, and fail to indicate the local effects of vernal warming. This dis- 
charge is still large in May and June, and the June temperatures probably 
reflect, in a large measure, the temperatures of the discharge waters. These 
points are well illustrated in figure 2 by the trend of river water temperatures 
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FicureE 1. Location of hydrographic stations in Saint John harbour. 


between April and July, as indicated by average water temperature data from 
the Florenceville and Saint John hatcheries (M’Gonigle 1939). After June, the 
summer discharge of 1935 was very small, and the temperatures which followed 
are probably more typical of neighbouring bay of Fundy waters (see records for 
St. Andrews and Grand Manan, Hachey 1939). The monthly mean salinities 
of surface and bottom waters are given in figure 3. 

The monthly discharge in second-feet, at Pokiok on the Saint John river, 
was determined and supplied in advance of publication by the Dominion 
Hydrometric Bureau. These monthly discharges are also shown in figure 3. 





MONTHLY SALINITY AND RIVER DISCHARGE 


The observations made in 1930 (Hachey 1935) indicated that conditions 
at any one point in Saint John harbour would vary considerably with phase of 
the tide. This is a result of the effective mixing mechanism in the region of 
the reversing falls, and the complicated system of currents due to the reversal 
of the fall of water (the reversing falls) as the tide rises and falls. The observa- 
tions of 1930 were made in the month of June. The temperature was found to 
be as low as 6.2°C. on the bottom, and as high as 15.0°C. on the surface. 


Salinities were as low as 3.0°/o9 on the surface, and even as high as 31.3°/ 
on the bottom. 


The observations made at the wharf of the Atlantic Sugar Refineries, during 
the period November, 1934, to November, 1935, inclusive, indicate that the 
temperatures of the surface waters of Saint John harbour seldom reach values 
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Figure 2. Annual variation in surface water temperatures in Saint John harbour. Broken 
line indicates temperature trend of river waters. 


of 15.0°C., while bottom water temperatures probably never reach 15.0°C. 
During the colder months of the year, water temperatures are seldom lower than 
0.0°C. A temperature difference of as much as seven degrees may exist between 
top and bottom, but generally the temperature difference varies from nothing 
to two degrees. The salinity observations show that during the winter months 
(January, February, and March) the salinity varies between 15.0°/o. and 
31.0°/o, the lower salinities being found on the surface and the higher salinities 
on the bottom, and the values varying with phase of tide. Further, during the 
months of spring and early summer (April, May, June, and July) the value of 
the salinity may be as low as 0.0°/o9, and as high as 31.0°/o9. Again, in late 
summer and autumn (August, September, and October) the salinity may have 
values between 17.0°/o9 and 32.0°/o, while in late autumn and early winter 
(November and December) the values of the salinity will vary between 7.0°/00 
and 32.0°/o9. The outstanding features are therefore the extreme variations 
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that occur with time of the year (controlled in the main by spring and autumn 
freshets) and the variations that occur with phase of the tide. 

It is readily appreciated from figure 3 that a rough inverse correlation 
exists between the discharge of the Saint John river and the surface and bottom 
salinities in the harbour. The lowest salinities are observed during the spring 
months (April, May, and June) when the river freshets are at their height. The 
highest salinities are attained during the winter months, after the general 
freeze-up of the river, tributaries, and drainage areas, and also, at times, in the 
autumn months after a particularly dry summer, as in 1935. This correlation 
between river discharge and harbour salinities may be investigated in greater 
detail by plotting monthly river discharge against harbour salinities as in figure 3. 
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FiGURE 3. Relationship between monthly river discharge at Pokiok and surface and bottom 
water salinities in Saint John harbour. 


These data, treated by the method of least squares, indicate straight line 
relationships as follows: 

y= 74.9-3.1 x (1) for surface waters, and 

y =125.0—4.5 x (2) for bottom waters, 
where y is the monthly river discharge in thousands of second-feet, and x is the 
salinity expressed in g./kg. It is quite evident that some of the data do not 
correspond to these straight line relationships, particularly those concerned with 
high values of the monthly river discharge. In fact, in deriving the equations 
(1) and (2) by the method of least squares, the data for the month of April 
were not taken into consideration. The suggested straight line relationship 
between monthly river discharge and harbour salinity will only obtain in a 
region where there exists an efficient mixing mechanism. That the mixing 
mechanism is not 100 per cent efficient is indicated by the two different empirical 
relationships determined between river discharge and harbour salinity for surface 
and bottom waters. 





SALINITY AFTER A DRY SUMMER 


The summer months of 1935 witnessed a comparatively low run-off from 
the Saint John river. In July, 1935, the figure given for the monthly discharge 
in second-feet at Pokiok (Canadian Hydrometric Bureau) was 19,100. In the 
nineteen year period 1919 to 1937, the average July discharge was 14,973, the 
maximum July discharge was 24,700 in 1930, and the minimum was 5,010 in 
1921. In August, 1935, the monthly discharge at Pokiok was 6,760, as compared 
to the average of 10,036, the maximum of 18,800 in 1932, and the minimum of 
1,970 in 1923. In September, 1935, the monthly discharge at Pokiok was 5,950 
as compared to the average of 9,672, the maximum of 24,200 in 1920, and the 
minimum of 4,800 in 1922. The August discharge in 1935 exceeded only those 
of 1923 (4,970), 1924 (5,620), 1926 (5,530), and 1933 (5,530) of the nineteen 
year period. The September discharge in 1935 exceeded only those of 1922 
(4,800) and 1923 (4,990) of the nineteen year period. 

The summarized salinity observations, as furnished in the table in figure 3, 
indicate that the mean monthly salinity of the surface waters of Saint John 
harbour, as observed at station 1, may be as low as 5.7°/o9, and as high as 
23.3°/oo. The mean monthly salinity of the bottom waters, at the same station, 
may be as low as 14.2°/o9, and as high as 28.2°/o9. These figures will vary some- 
what depending upon the depth and the location of the sampling station. In 
the autumn of 1935, the outflow from the river reached the very low level of 
less than 6,000 second-feet. This resulted in harbour salinities which were 
somewhat higher (23.0°/o9 at the surface, and 27.0°/o9 on the bottom) than are 
usually experienced at this time of the year. 

A co-operative effort on the part of the Atlantic Sugar Refineries, the Saint 
John Harbour Commission, and the Fisheries Research Board of Canada, during 
September, 1935, resulted in a tidal series of observations in a section extending 
across the harbour (stations 1 to 6 inclusive, figure 1). Simultaneously, con- 
ditions were observed at station 7. Temperature and salinity data were thus 
obtained over a complete tidal period. The observations were made at ten 
foot (3 m.) intervals between top and bottom, and all stations were occupied 
at high water (H.W.); 4, 3, and ? tide falling (T.F.); low water (L.W.); and 
1 3, and 3 tide rising (T.R.). A tide gauge was read throughout the period of 
the observations in order to’ fix the elevation of the surface water at all times. 
Data are furnished in table I. The tidal readings are plotted in figure 4, while 
the distribution of salinity at all phases of the tide is indicated in the various 
diagrams in figure 5. 

At } T.R., the elevation of the surface waters of Saint John harbour was 
12.6 ft. (3.8 m.). According to tide tables (Tide Tables 1938), after half tide 
rising, when the inward movement has commenced underneath, the outward 
current is still very evident on the surface and it extends to a depth which 
becomes less as the tide continues to rise and the inward flow increases beneath. 
The observations of salinity, made at } T.R., would indicate that the main 
body of outgoing water was of a salinity between 22.0°/o) and 24.0°/o0, while 
the waters of a salinity greater than 24.0°/o9 partook of the inward movement 
underneath. This is brought out strikingly when all observations throughout 
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various phases of the tide are noted. This water of salinity less than 24.0°/o9 
was the freshest water found in the harbour proper throughout the various tidal 
phases. Waters of a salinity between 24.0°/o9 and 26.0°/o) were of greater 
extent when such waters partook of the outward movement (as at L.W.). 
Similarly, waters of salinities between 26.0°/o) and 28.0°/o) were of greater 
extent when such waters were partaking of the outward movement (as at } 
T.R.). Stations 1 and 3 are representative of the eastern side of the harbour, 
and it will be noted that the fresher waters predominated there, indicating that 
the outward surface current tended to hold to that side of the harbour, while 
the incoming bottom current tended to hold to the western side of the harbour 


(represented by stations 4 to 6). In the northern hemisphere, the tendency 
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Figure 4. Tidal observations in Saint John harbour for September 26, 1935, and 
April 9, 1936. 


of the rotation of the earth is to deflect currents to the right. The momentum 
of the outward-going waters, rounding the bend into the harbour proper, offset 
any effect of the rotation of the earth. Consequently, a piling of the outgoing 
waters takes place on the eastern side of the harbour. Hence, any inward 
movement on the bottom is first detected on the western side of the harbour. 

At ? T.R., the elevation of the surface waters in the harbour was 20.0 ft. 
(6.1 m.). The momentum of the outgoing water was seemingly spent as the 
various waters are fairly evenly distributed, and the outgoing waters of a salinity 
less than 24.0°/o9 were not so prominent in the section. _It will be noted that 
the water at station 7 was all of a salinity greater than 26.0°/o0 and also that 
water of a salinity greater than 29.0°/o) (not present at 3} T.R.) was found in 
the section. 

At H.W., the elevation of the surface was 23.4 ft., (7.1 m.) and the water 
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Salinity data (°/o) for September, 1935. 
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Tasie I. (cont’d.) 














Depth Station 
(feet) 
(10ft.=3m.) | 1 2 3 4 5 6 7 
| Tide,—} falling; surface elevation 15.0 ft. (4.5 m.) 
) i 0 | 24.8 25.0 24.9 25.1 26.5 25.8 26.4 
) 8 27.0 29.7 29.9 
) 20 30.5 29.7 28. 30.0 30.5 29.4 32.0 
30 31.9 29.9 30.7 31.6 31.6 31.7 32.1] 
40 32.0 31.8 30.8 32.1 31.9 31.8 32.0 
50 31.1 32.1 32.0 
60 31.5 32.3 32.1 
70 32.1 





10 27.0 26.9 27.7 25. 
7 
| Tide,—} falling; surface elevation 7.7 ft. (2.3 m.) 














0 28.0 28.7 28.5 28.6 28.0 28.3 28.8 
10 28.4 28.4 28.5 28.9 28.4 28.4 28.8 
j 20 - 29.3 28.6 28.6 29.1 28.7 28.6 30.4 
30 29.9 29.1 28.9 29.2 28.8 29.0 31.6 
40 29.4 29.7 29.9 29.3 29.9 
| 50 | 31.2 30.2 
80 31.2 
|— NS Eee een se —— — 
| Tide,—low water; surface elevation 3.9 ft. (1.2 m.) 
0 | 26.4 26.0 - 25.1 26.6 26.3 26.7 27.4 
10 26.3 26.4 26.1 26.6 26.5 26.6 27.6 
20 | 26.5 26.5 26.3 26.5 26.4 26.8 28.0 
30 26.5 26.5 26.6 26.7 26.6 27.0 28.2 
40 nok 26.6 26.9 27.1 26.6 | 
50 ae ee 27.5 27.3 26.8 | 
60 eed ae 27.4 
70 ae ead 28.2 
| salamat a a cea 
Tide,—} rising; surface elevation 6.2 ft. (1.9 m.) 
0 | 25.0 24.4 25.0 25.0 
10 0 24.5 25.0 24.9 
20 25.1 24.7 24.8 25.0 
30 25.2 ES 24.9 25.0 25.1 
40 eS ie 25.5 25.5 a 
50 greene ae 25.4 26.0 
60 ee ae 26.0 29.2 
70 26.8 


movement was inward. Water of a salinity greater than 30.0°/o) was found 
at an elevation of —8.0 ft. (—2.4 m.) at station 1. Only a trace of water of a 
salinity less than 24.0°/o9 was to be found. In this phase of the tide, the water 
of higher salinity was holding to the eastern side of the harbour at the greater 
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FicurE 5. Vertical distribution of salinity throughout a tidal cycle in a section 
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depths. This shift from the western to the eastern side was probably due to 
the lack of surface outflow and consequent momentum, which tended to pile 
the fresher waters to the eastern side of the harbour. The effect of the rotation 
of the earth was thus effective under these conditions in producing the greater 
inward flow on the eastern side of the harbour. The highest salinities in the 
section were greater than 32.0°/0o. 

At } T.F., the elevation of the surface was 21.4 ft. (6.5 m.). The inward 
movement was still predominant, and the least saline water was slightly less 
than 26.0°/oo. All waters were more evenly distributed, indicating less move- 
ment. Waters of a salinity greater than 30.0°/o9 were found bathing both sides 
of the harbour at depths below an elevation of —15.0 ft., (—4.5 m.) and the 
waters of salinity greater than 32.0°/o. were present in greater volume. 

At 3 T.F., the elevation of the surface was 15.0 ft. (4.5 m.), and the outward 
movement was indicated by the presence of salinities of less than 25.0°/oo. ‘It 
is evident that, throughout the period between } T.R. and 3 T.F., waters of 
higher salinities had been drawn into the harbour at the lower depths. 

Between 3 T.F. and } T.F., the water movements of the area were outward. 
This is clearly indicated by a comparison of the observations at } T.F. with 
those at 3? T.F. The outward movement consisted of water of a salinity between 
28.0°/o9 and 30.0°/o0, which extended to a depth of 40 ft. (12.1 m.) below the 
surface [to an elevation of —30.0 ft. (—9.1 m.)]. At station 7, this water of a 
salinity less than 30.0°/o. extended only to a depth of 18 ft. below the surface 
[to an elevation of —10.0 ft. (—3.0 m.)]. 

At L.W., the elevation of the surface waters was 3.9 ft. (1.2 m.), and the 
outgoing water consisted almost wholly of salinities between 26.0°/oo and 28.0°/ oo. 
Both sides of the harbour were bathed with this water to depths down to an 
elevation of —40.0 (—12.1 m.) and lower. At station 7, this water extended to 
an elevation of only —18.0 ft. (—5.5 m.). 

At } T.R., the elevation of the surface waters was 6.2 ft. (1.9 m.), indicating 
that the level was rising. The outgoing current consisted almost wholly of 
salinities between 24.0°/o9 and 26.0°/o9 and was an outstanding feature of the 
section extending downward to an elevation of —50.0 ft. (—15.2m.). Thecurrent 
at the bottom was inward, as is indicated by traces of water of higher salinity. 
No observations were taken at station 7 at this phase of the tide. 


SALINITY DURING SPRING FRESHETS 


In the spring of 1936, the Saint John river broke up at a very early date 
with heavy movement of ice, large ice jams, exceedingly high river levels, and 
with considerable damage to property. The monthly discharge for March was 
74,300 second-feet, which was the largest monthly discharge for March in any 
year of the period 1919 to 1937 inclusive (the average discharge for March 
being 12,603 second-feet). The greater part of the monthly discharge for 
March took place towards the end of the month. Our observations in the 
harbour were made on April 8 and 9, when the freshet was still at its height. 
A second freshet from the Saint John river occurred in early May, when the 
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tributary streams became swollen with the run-off of melted snow. This is 
recorded by the monthly discharge of 88,500 second-feet for May, which though 
only slightly above the 19 year average for May, of 78,526 second-feet, exceeded 
the monthly discharge in March. However, the discharge in May was of a 
more orderly nature, and there was every evidence that the observations of 
April 8 and 9 followed closely upon the greatest discharge from the river. The 
monthly discharge for March, 1936 (74,300 second-feet), was more than thirteen 
times the monthly discharge for September, 1935. 

On April 9, stations 1, 2A, 6, and 7 were occupied practically simultaneously 


FicureE 6. Horizontal distribution of 
salinity in Saint John harbour: (a) 
at an elevation of —19 ft. (—5.8 m.) 
in September 1935; (b) at an ele- 
vation of —35 ft. (—10.6 m.) after 
low water, in April 1936; and (c) 
at an elevation of —18 ft. (—5.5m.) 
after high water in April 1936. 


at 4 T.R., H.W., } T.F., 3 T.F., } T.F., L.W. and } T.R. respectively. Obser- 
vations on the elevation of the surface were made every ten minutes between 
7.00 a.m. and 7.30 p.m., and the resultant tide curve is shown in figure 4, the 
tidal amplitude amounting to 20.0 ft. (6.1 m.) for both the morning and afternoon 
tides. From the curve, the elevation of the surface water can be calculated for 
any phase of the tide. 

Observations of salinity in the section 1-7 are furnished in table II. 
Although observations began at low water, the data are plotted in figure 5, 
beginning with 4 T.R., to allow a ready comparison with the plotted data for 
the previous September. At } T.R., the outstanding feature in the section 
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was the large body of water of a salinity less than 5.0°/o9 which was as much as 
40 feet (12.1 m.) in thickness. This water, which must make up the greater 
portion of the outflowing current, held well to the centre of the harbour, with a 
probable tendency for a greater thickness on the eastern side (stations 1 to 2A). 
Bottom waters of comparatively high salinity bathed the bottom at stations 
6 and 7 at depths of 20 ft. (6.1 m.) below the surface [elevations below —7.0 ft. 
(—2.1 m.)]. 


At } T.R., more saline waters were present at the greater depths and the 


TABLE II. Salinity data (°/o) for April 1936. 


Depth Station 
(feet) 
(10 ft.= 3 m.) ] 2A 6 7 


Tide,—low water; surface elevation, 3.5 ft. (1.1 m. 


0 0.6 0.6 1.0 3.1 | 
10 0.6 0.6 0.8 3.5 | 
20 0.7 0.8 1.3 3.6 

30 (26) 0.6 a 1.5 17 } 
40 1.4 j 
50 2.8 

53 3.5 

Tide,— } rising; surface elevation, 7.0 ft. (2.1 m.) 

0 0.4 0.4 0.5 2.3 

10 0.4 0.4 0.5 2.6 

20 0.4 0.4 0.5 2.9 

30 | 0.4 0.5 By 13.0 

40 | | 0.6 

50 | ; 5.9 


Tide,—} rising; surface elevation, 13.9 ft. (4.2 m.) 


0 2.4 0.6 0.8 3.0 
10 2.4 0.6 0.8 3.0 
20 2.7 0.6 1.9 73 

30 A oe 15.6 
40 8.4 6.4 17.1 25.0 


60 : 22.9 


Tide,—} rising; surface elevation, 20.9 ft. (6.3 m.) 


0 4.2 1.4 By 3.8 

10 4.6 1.4 4.0 5.1 
20 7.0 3.3 11.6 19.0 

30 4.5 se 22.3 

40 17.3 28.2 20.1 30.9 

50 (45) 23.4 (53) 27.5 
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TABLE II. (cont'd) 


Depth 
(feet) Station 
(10 ft.=3 m.) | 1 2A 6 7 
Tide,—high water; surface elevation, 23.5 ft. (7.1 m. 
0 | 3.1 0.9 2.0 
10 | 2.2 1.0 2.6 
20 12.3 13.6 20.8 
30 a 25.1 ae 
40 30.7 28.7 29.1 31.4 
50 (48) 30.8 as 
60 31.3 
80 31.6 
— selenite — - — supienigienates . spareninn 
Tide,—} falling; surface elevation, 20.2 ft. (6.1 m.) 
0 3.6 6.5 6.9 408 
10 7.2 10.2 13.0 20.5 
20 24.3 18.6 28.8 28.8 
40 30.7 24.8 31.0 31.4 
50 (45) 30.8 ‘a (47) 31.1 
60 pie 31.4 
70 a 31.6 
| Tide,—} falling; surface elevation, 13.5 ft. (4.1 m.) 
0 | 8.6 5.8 10.3 10.5 
10 | 8.6, 7.4 11.7 11.4 | 
20 8.5 oun 12.7 15.8 
40 14.7 19.6 17.5 (37) 30.3 
60 wer 31.3 2 
70 - 31.3 ee eb 
oe ate fee ss a a haa al . 
Tide,—3 falling; surface elevation, 6.4 ft. (1.9 m.) 
0 4.2 1.5 5.0 8.8 
10 1.2 1.9 5.9 8.8 ‘ 
20 4.2 2.8 7.0 11.3 
30 (32) 10.3 (33) 7.0 17.5 
40 5.8 
50 | 14.7 


layer of water of a salinity less than 5.00°/o9 had decreased considerably in 
thickness. At elevations of 0.0 ft. (0 m.), waters of a salinity greater than 
10.0°/o9 prevailed at stations 6 and 7, while at station 1, a salinity of greater 
than 10.0°/o) was found below elevation —7.0 ft. (—2.1 m.). Salinities greater 
than 30.0°/o9 had entered the harbour at the greater depths. 

At high water, the layer of a salinity less than 5.0°/o9 had decreased to a 
thickness of about 12 feet (3.6 m.), and water of a salinity greater than 30.0°/ 
was well distributed over the bottom of the section. At } T.F., waters of a 
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salinity less than 5.0°/o9 were no longer present, and the upper 5 to 10 feet 
(1.5 to 3.0 m.) contained water of a salinity less than 10.0°/o9. Salinities greater 
than 10.0°/o9 were found at an elevation of 15.0 ft. (4.5 m.) at stations 6 and 7, 
and at an elevation of 9.0 ft. (2.7 m.) at station 1. 

At 3 T.F., it was evident that the surface outflow consisted, in the main, 
of salinities less than 10.0°/o9. It was also evident that this outflow was holding 
to the east side of the harbour [a thickness of 24 ft. (7.3 m.) at station 1]. 
Salinities between 10.0°/o9 and 15.0°/o) prevailed at stations 6 and 7 from an 
elevation of 13.0 ft. (4.0 m.) to an elevation of —20.0 ft. (—6.1 m.) and —8.0 ft. 

—2.4 m.) respectively. At station 1, salinities of less than 10.0°/o9 extended 
from an elevation of 13.0 ft. (4.0 m.) to an elevation of —12.0 ft. (3.6 m.). 
Comparatively high bottom salinities were still present in the harbour. 

At } T.F., all waters of the section were of a salinity less than 15.0°/¢0. 
The main surface outflow consisted of water of a salinity less than 5.0°/o9, and 
this held well to the eastern side of the harbour, extending to depths of 20 to 
35 ft. [elevation 7.0 to —23.0 ft. (2.1 to —7.0 m.)]. At low water, the section 
consisted of water of a salinity less than 5.0°/cc, and the flow was definitely 
outward at all depths. At } T.R., while the section contained chiefly water of a 
salinity less than 5.0°/o0, inward movement on the bottom was indicated by 
traces of water of a salinity greater than 5.0°/o, and even greater than 
10.0°/ oo. 

The conditions in the section at times of spring freshets illustrate another 
important feature. The distribution of salinity at } T.R., }. T.F., } T.F., and 
} T.F., indicated clearly that the outflow, as represented by less saline waters, 
tends to hold to the eastern side of the harbour (stations 1 and 2A). This is 
particularly evident at 3 T.F., where the thickness of the layer of water of a 
salinity of less than 10.0°/o. is more than twenty feet (6.1 m.) at station 1, and 
zero at station 6. A similar illustration was furnished at } T.F., by the water 
layer of a salinity of less than 5.0°/ 90. 


SALINITY IN BOTTOM WATERS 

A survey of conditions in the bottom waters of the harbour was made in 
September, 1935, and again/in April, 1936. In September, the waters at an 
elevation of approximately —19 ft. (—5.8 m.) were sampled and the distribution 
of salinity is illustrated in figure 6(a). In figure 6(b) is shown the distribution 
of salinity in April, 1936, at an elevation of —35 ft. (—10.6 m.) after low,water, 
and again in figure 6(c) after high water at an elevation of —18 ft. (—5.5 m.). 
These diagrams illustrate that although the more saline waters are able to 
penetrate well into the harbour, the harbour is effectively bathed, at the greater 
depths, by the river waters at times of spring freshets. The process is readily 
visualized, wherein the harbour bottom is fairly thoroughly bathed by the 
fresher river waters, to be gradually replaced during the tidal cycle by waters 
of higher salinity from without the harbour. The process, which would of 
necessity be complicated through the mixing of the various waters concerned, 
is chiefly one whereby lighter waters are displaced upwards by the penetration 
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of heavier waters at the greater depths. This upward displacement of the 
lighter waters would tend to add to the surface outflow and, in part, is responsible 
for the observed strong outflow of surface waters throughout all phases of the 
tide. 


SUMMARY 


The temperature of the surface waters of Saint John harbour seldom 
exceeds values of 15.0°C., while bottom waters probably never reach 15.0°C. 
During the colder months of the year water temperatures are seldom lower 
than 0.0°C. 

With the exception of April and June, the surface temperature of harbour 

m(x+2.0) 

waters might be roughly expressed by the equation y=7.6—7.6 sin es : 
; 6 

where y is the temperature in degrees Centigrade, and x is the time in months. 


Except during the period of spring freshets, an inverse relationship exists 
between river discharge and the salinity of the waters of Saint John harbour. 
This inverse relationship may be expressed by the equations: 


y= 74.9-3.1 x for surface waters, and 
y=125.0—4.5 x for bottom waters, where 


y is the monthly river discharge in thousands of second-feet, and x is the 
salinity expressed in g./kg. 

Monthly mean salinities based on one year’s observations indicate that the 
mean monthly salinity of surface waters of Saint John harbour may be as low 
as 5.1°/oo, and as high as 23.3°/o. Off the wharf of the Atlantic Sugar 
Refineries, the mean monthly salinity of bottom waters may be as low as 14.2°/ 9, 
and as high as 28.2°/ 0. 

The salinity distribution of the harbour waters varies greatly with the phase 
of the tide. After a dry summer, with comparatively small discharge from the 
river, the salinity at any phase of the tide did not fall below 22.0°/o._  Salinities 
greater than 32.0°/o9 penetrated the harbour at the greater depths. At times 
of spring freshets, the harbour was thoroughly bathed, at certain phases of the 
tide, with waters of a salinity less than 5.0°/o. At other phases of the tide, 
salinities greater than 30.0°/o) penetrated into the harbour. 

Although the more saline waters extend well into the harbour at certain 
phases of the tide, a well marked gradation in salinity is noted as we proceed 
seaward from the region of the reversing falls. 
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The Weight-Length Relationship of the Atlantic Salmon 


By WILLIAM S. Hoar 
University of New Brunswick 


(Received for publication September 12, 1939) 


ABSTRACT 


Changes in the condition of the Atlantic salmon have been traced throughout the life of the 
fish. During two periods only does the coefficient of condition—studied through comparisons 
of the weight-length relationships—deviate widely from a value of one. At the beginning of 
the river life (on emerging from the gravel), and at the beginning of the sea life (during smolt 
metamorphosis), the coefficient is lower. For parr and adult salmon the factor varies with the 
size, age, and sex of the fish, the season of the year and the environment. The last three factors 
influence the condition of the smolt. For adult salmon, no constant difference is found in the 
condition of ‘‘spring’’ and ‘‘summer’”’ fish, nor between fish which migrated to the sea as two- or 
three-year smolts. Spawned fish, taken during commercial fishing, are as well conditioned as 
maiden fish. 


The relationship between the measurements of the different bodily parts of 
any species of fish remains relatively constant throughout life. In so far as this 
is true the weight varies as the cube of the length. Since, however, this rela- 
tionship is not absolutely constant we have fat and slender fish. Fish are often 
compared as to condition or fatness on the basis of the factor obtained by dividing 
100 times the weight by the cube of the length. This factor, most frequently 
referred to as the ‘coefficient of condition’’, approximates unity when the weight 
is expressed in grams and the length in centimetres. It is evident that any 
increase of weight over length will raise the factor, while its value will fall if the 
animal becomes thinner. 

Our data can be most readily presented by treating separately (1) those for 
the parr stage when the fish are living in the river; (2) those for the stage of trans- 
formation into the smolt before going to sea; and (3) those for the larger salmon 
as taken in the sea. 


MATERIALS AND METHODS 


The data are derived from salmon of the Margaree river, N.S., collected 
during the summers of 1936 and 1937; and from salmon of Saint John harbour, 
N.B., and vicinity collected in 1938. The parr and smolt were all of the Margaree 
river, while adult salmon were examined from both localities. 

The fresh water salmon were preserved in a 2% to 4% solution of formal- 
dehyde, and, at a later date, measured as to total length to the nearest millimetre, 
and weighed to the nearest centigram. Calculations show that no error is involved 
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in an answer correct to the second decimal place by such measurements and 
weights. Preservation in formaldehyde, however, raises the coefficient of condi- 
tion by increasing the weight and decreasing the length of the fish. The precise 
amount of this increase varies considerably, depending on the strength of the 
formaldehyde and the physiological condition of the fish. For smolt the weight 
increases for 3 days after preservation and thereafter decreases slightly for about 
2days. Parr preserved in 1% and 4% solutions show the same order of change, 
although the fish takes up water for a longer time (11 to 12 days) and continues 
to lose it longer thereafter (12 to 15 days). Parr preserved in 2% formaldehyde, 
on the other hand, absorb much more water than those in 1% or 4% solutions 
and do not lose it subsequently. As to shortening, neither parr nor smolt show 
any change after the first 2 or 3 days. It is evident from the summary of results 
given in table I that, for parr, 2% formaldehyde produces a greater increase in 


TaBLe I. Changes in the coefficient of condition caused by preservation in formaldehyde 





| j 


Fish | Formaldehyde} Original 4 Original} Ultimate per cent| 
(no.) (percentage) length (cm.) | “K’ | increase in ‘K”’ 
POO 11 4 15.9 0.74 11.0 
1 2 19.3 0.77 9.1 
Parr ; 5 1 14.5 1.00 19.4 
5 2 15.6 0.93 31.0 
5 4 12.7 0.97 19.5 


the coefficient of condition that either a 1% or a 4% solution (31% increase 
as compared to a 20% increase), and that the increase is greater for parr than for 
smolts (20% as compared to 11%). 

Since the material under consideration was preserved in solutions ranging 
in strength from 2% to 4%, we consider a 30% increase in the coefficient of 
condition to be maximum for the parr and a 10% increase to be maximum for 
the smolt. No attempt has been made to adjust the factors for this increase 
since the exact percentages of solutions used in preservation were not always 
known. However, sufficient measurements have been made on fresh fish to show 
that the same order of change prevails in both fresh and preserved specimens. 

Mature salmon were measured to the nearest centimetre (total length) and 
weighed to the nearest one-half pound. The weight in pounds was converted into 
the equivalent gram weight using the conversion factor, 1 lb. =0.4536 kg. The 
possible error in the coefficient of condition as based upon measurements and 
weights of such limited accuracy has been calculated for four representative fish. 
This ranges from +5% for a 26.5-pound fish to +9% for a 10-pound fish. 

The errors involved in calculation are such that it is necessary to have a fair 
number of fish from each locality or of each stage if the average value is to be 
representative. However, even when the numbers of individuals were not suff- 
ciently great to give statistically significant differences, the fact that the same 








sequence of change was found repeatedly in going from locality to locality or 
from stage to stage leads one to believe that such sequence is an actuality. 


4 


It 


upon such changes as these that we base the following conclusions. 
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is 


936), in his study of Newfoundland parr, has shown that there is 


a progressive increase in the coefficient of condition throughout the fresh water 


COEFFICIENT 


10 20 30 40 _ 50 
CENTIMETRES 


Changes in the coefficient of condition of the Margaree salmon of 1937 in relation to 


FIGURE 1. 
their lengths is shown by the 
mature salmon. 
where no figures are available. 


TABLE II. 


l-year parr 








continuous line. 
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2-year parr 
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The coefficient of condition of parr of different ages 


3-year parr 

















© aa | - a 
| n ae A nD } an " es no je . Bas 
Source of material | 3 E Coefficient 2 oe Coefficient S | = Coefficient 
ES| = —--——| 83| .3 ——| §3| .s|——__|- 
$5| se | | else | | $8] se} | 
o au Range |Aver.| & ao Range | Aver. Ss | a2 Range | Av 
— . — ——— — . ciel ernaadnaed 
Entire river, 1936.; 37 | 9.6/0.93-1 24) 1.07} 17 |12.6)0.95-1.45) 1.16 | 
Entire river, 1937.| 51 | 7 slo 85-1 25} 1.04!) 33 /11.0 0.87-1. 38 1.09; 6 |13.0]1.03-1.33) 1 
| 
Forest Glen brook, | | 
Aug. 4, 1937..| 21 | 7.7/0.89-1 13| 1.00) 17 |10.6/0.87-1 38} 1.06} 3 Pe 4}1.03-1.33] 1 
River below Forks, | 
June, 1937 18 7.71/0.85-1.25) 1.09 7 |10.6)1.01-1.28) 1.11 | | 
| 








The broken line represents numbers of 
The interval represented by the dotted line is for the post-smolt period 
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life. The data for parr of the Margaree river are summarized in table II, and the 
results show graphically in figure 1. 

In detail the figures show that the condition factor of the yearling parr is 
lower than that of the two-year-olds by 5%, and lower than that of the three- 
year-olds by 11%. Moreover, the two-year-olds have a factor 7.5% lower than 
that of the three-year-olds. Thus, there is a progressive rise in the coefficient of 
condition of the parr with increasing size. Clark (1928), Hart (1931) and Keys 
(1928) have found the same thing for other species of fish, although the results 
differ from those of Crozier and Hecht (1914) or Hecht (1913 and 1916). It is 
conceivable that conditions may differ in the different species of fish studied by 
these workers. 


SEASONAL CHANGES 


Superimposed on this progressive improvement in condition which occurs 
with the ageing of the fish there are definite seasonal variations within the different 
year classes. A study of figure 2 and table III will show that the condition of 


TABLE III. Seasonal changes in the coefficient of condition of the parr 





Aver. Coefficient of condition 
Place Date Fish length $$$ ——_—_— 
(no.) (cm.) | Range Average 
qe = - — | —$_$$_—_—_ —_ — — - i ee ie cae ces 
Margaree Forks... June 12-15 25 2.9 0.66-1.11 0.89 
July 27 18 4.5 0.82-1.15 | 1.00 
ame ae etiaie oie Se 
Margaree Forks June 11 5 8.3 0.96-1.13 1.02 
| July 7 | 10 | 9.2 | 1.00-1.10 | 1.06 
- — _ EE _ = See — nee aueeEE a ha 
Doyle's bridge......| July 5 16 3.9 0.90-1.16 0.999 
| Aug. 16 10 6.1 0.88-1.13 | 0.992 
a eg ’ piace aeietn kia wilsaindies 
| _ a July 4 | 8 6.0 1.01-1.17 1.07 
| Forest Glen broo Aug. 4 } 21 7.7. | 0.89-1.13 1.00 
July 4’ 5 12.0 1.05-1.21 1.13 
Forest Glen brook . . Aug. 4 17 | 10.6 0.87-1.38 | 1.07 


parr of different ages improves rapidly during June and early July. After the 
middle of July, however, it remains constant or actually decreases although the 
fish continues to increase in length. This is parallel to the condition found in the 
mature salmon. It is probably due to the cessation or slackening of feeding in 
both cases. 

The rise in the coefficient of condition of salmon during their first summer 
after emerging from the gravel is particularly pronounced and rapid (figure 1 and 
table III). In both 1936 and 1937 the average coefficient reached a value of 
1.00 by the second week of July, and thereafter showed no further seasonal 
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increase. Hence the young salmon, beginning active life with a comparatively 
low condition factor (average value of 0.89 on June 12), attains, in four weeks, 
its maximum degree of fatness for the first year. 


IN RELATION TO ENVIRONMENT 


Belding (1936) has studied the effect of the environment on the contour 
hence also the coefficient of condition) of salmon parr. He finds that the 
coefficient of the parr in four similar Newfoundland rivers, irrespective of the 
rates of growth of the fish, is the same, but different from that of two dissimilar 
rivers. The higher coefficients are associated with a smaller number of vertebrae 
and a deeper contour. Temperature is considered to be the causal factor. 

A study of the Margaree river is of interest in this connection. This river 


COEF FICIENT 





JUNE JULY AUG 


FiGurE 2. Variations in the coefficient of condition of yearling parr (broken line) and of mature 
salmon (continuous line) in relation to the season, 1937 


has two main branches of very different character. The Northeast Margaree 
arises in the highlands where the snow remains long in the spring. The tempera- 
ture of its water is much lower than that of the Southwest Margaree, flowing 
through the lowlands and having a large shallow lake to control its volume and 
temperature. In the former, long stretches of clean gravel covered with rapid 
and shallow waters must yield a very scanty food supply in comparison with 
the deeper and warmer waters of the Southwest branch. 

It is evident from table IV that the parr from the Southwest branch are 
both longer and fatter than those from the Northeast. The highest conditioned 
salmon obtained (factors as high as 1.45) were parr from the Southwest Margaree. 
Belding and Clark (1938) found condition factor differences of a similar order 
in their parr collections from this river in 1934. They attribute such differences 








TaBLeE IV. The environment and the coefficient of condition of yearling parr 


Aver. Coefficient 
Source of material Specimens length - -——— ,——_—--- 
(no.) | (cm.) Range | Average 

Southwest Margaree 

June 15, 1936... 5 ; 14 10.9 1.02-1.24 1.13 

June 15-26, 1936 8.4 1.16-1.22 1.19 
Northeast Margaree 

June 11, 1936..... 10 8.3 0.99-1.13 1.01 

De E aWdis'g See veda 8 6.0 1.01-1.17 1.07 

NS ON Seen tus a ba 13 8.2 1.00-1.30 1.08 


to variations in the environmental conditions, water temperature and food supply 
being most important. Our data have afforded an example of the effect which 
variations in the latter factor may have on the coefficient of condition. Salmon 
parr were collected from Forest Glen brook on August 4 of both 1936 and 1937. 
For both the youngest and older year classes the factors were higher in 1936. 
Food supply is suggested as an explanation since it has been found that, due to 
the control of the fish eating birds, the numbers of salmon feeding were much 
greater in 1937 (White 1939). In detail the average coefficient of the youngest 
for 1936 was 1.14, in contrast to 0.99 in 1937; and for the older fish 1.08 in 1936 
as against 1.04 in 1937. Since there were more yearling fish in the former year 
the actual difference for the older fish is greater than indicated. The figures 
serve as a concrete example of the expected condition factor variations brought 
about by feeding conditions. It is quite evident that the environment (tempera- 
ture and food) is a potent factor influencing the condition of the fish and will 
explain the difference in fatness of the parr from the Northeast and Southwest 
Margaree rivers. 


IN RELATION TO SEX 


Menzies (1924), studying the mature salmon, finds that male fish are in- 
variably thinner than female fish of the same length (our mature fish could not 
readily be sexed with accuracy). Hile (1936), on the other hand, points out 
that there is no constant difference in the coefficient of condition of male and 
female ciscoes. For the parr of both 1936 and 1937, our data, as given in table V, 
show opposite conditions. 

The male salmon regularly attains sexual maturity while in the river, and 
it was thought that this might account for the higher factors of the male parr. 
The table shows, however, not only that male parr taken in June before the 
testis shows any evidence of increased growth, and when the ovary is of greater 
size than the testis, have higher factors than the females, but also that the factors 
of males taken in August are higher, relative to the females, than those taken in 
June. Hence, although sexual maturation may cause a slight increase in the 








OT st TI 











ET RET CREE I EERE Eee e eee 


447 


TasLe V. Differences in the coefficient of condition of male and female parr 
































~ Females ~ Males 
—|- aes a ae areienhiicigrasibbieeacss 
| Coefficient | Coefficient 
| Date Age |Speci- | Aver. \-—_,—-——Sp ee i- | Aver. |— = 
mens |length | | mens |length | % greater 
(yrs.) | (no.) | (cm.) | Range | Aver.| (no.) | (cm.)| Range | Aver.| than female 
| factor 
——— sistitinditg esshuicniiat — ini — ‘ saddens 
1936 | 1+ 23 | 9.6 \0.92-1.21| 1.06 14 | 9.5 }0.96-1.24| 1.09 | 
2+ 5 | 12.5 |0.95-1.20) 1.10 9 12.4 |0.98-1.38) 1.19 
| ol 
1937 | 1+ 33 8.1 |0.89-1.23) 1.04 is i 7.7 0. 96-1 . 25} 1.06 
| 2+ 14 | 10.8 |0.87-1.21} 1.04 17 | 11.0 |0.99-1.38) 1.11 | 
June 1+ |} 30 | 9.2 |0.93-1.23) 1.07 15 | 9.2 ]0.96-1.25} 1.12 | 4.7 | 
| 2+ | 7 | 10.6 |1.01-1.17) 1.08] 11 j 122 0.99-1.38} 1.16 a 
August} 1+ 12 7.4 |0.89-1.08| 0.98 | 9 8.0 0.96-1.13} 1.03 5.1 
| 2+ 6 10.7 on 0.96 | 10 10.5 |1.00-1 " 1.10 14.6 








coefficient of condition, nevertheless immature males have higher factors than 
females. 


INDIVIDUAL VARIATIONS 


Finally, as might be expected, there are individual variations among the 
fish from any part of a stream and of all ages. Numerous examples can be given 
to show that fish of the same length, taken at the same time and from the same 
place and hence preserved together, may have very different factors. Table VI 
illustrates this point. Certainly such variations in fatness occur in any group 
of animals. The examples are given to show that care must be taken in attaching 
a great significance to small variations in the coefficient of condition. The vari- 
ations which we have discussed, however, seem to be of sufficient magnitude, 
and to have shown a sufficient degree of order during the two years to be of 
significance. 


TaBLe VI. Individual variations in the coefficient of condition 


Length | Coefficient for 

Source of material (cm.) different fish 
Forest Glen brook July 4. 5.8 1.03 and 1.10 
Aug. 4..| 10.1 0.88 and 1.10 

11.4 0.99 and 1.06 

7.5 0.89 and 0.98 


S. W. Margaree June 26. | 


we 


1.16 and 1.22 





THE TRANSITIONAL PERIOD 


Before entering upon its life in the sea the salmon undergoes a characteristic 
metamorphosis, assuming the appearance of a miniature adult fish through a 
silvery layer of guanin crystals covering the prominent parr markings. Figure | 
shows the coefficient of condition of the smolt in relation to that of salmon of other 
stages. The factor is, on the average, lower than that of any salmon with the 
exception of the emerging fry. In comparison with parr the average factor for 
smolts is lower than that of the lowest parr studied, while the highest smolt con- 
dition factors are less than 4°% greater than those of the lowest parr in the corres- 
ponding age group. 

Although stomach analyses show that the smolt is feeding voraciously, gross 
dissections reveal the fact that the visceral fat deposits, so prominent in the parr, 
have been lost. It should be pointed out also that, although the coefficient of 
condition is falling, the fish is presumably increasing in length, since scale studies 
show that spring growth is made in over 95% of the Margaree smolts. This 
growth, as shown by table VII, is slightly less rapid than that made by the parr 
during the same period. It will be recalled that the coefficient of condition of 


Taste VII. Comparison of the spring growth of parr and smolt scales 


Specimens No. of circuli Width of circuli % growth | 
I ok 


Aver. | 


; > j 9 i | | 
Source of material No. length | Range | Aver. Range Aver. | Range | Aver. | 


(cm.) | | 


| 


Margaree river, 1936 
June 11-15, 2-vear parr 
2-vear smolt 


| Forest Glen brook, 1937 
| July 4, 2-year parr.. 
July 6, 2-vear smolt... 12.3 é 3} .36 | 0.2 7 21. 


July 22, 3-vear parr. ... 13.2 | | ¢ | 0 31. 
3-vear smolt. 14. 5-9 | 7 14-0.26 | 0 14-34 | 26.0 | 








the latter is rising at this time. This seems to indicate that the fall in the smolt’s 
condition involves something more than an apparent loss in weight due to the 
increase in length. 


IN RELATION TO TIME AND PLACE OF CAPTURE 

Average values of the coefficient of the smolt’s condition are given in table 
VIII. From the standpoint of time, the 1936 data show that the fish taken at 
Margaree Harbour during the first week of June had a factor 9% lower than that 
of those taken during the second week; while in 1937 the average value of the 
coefficient of condition for May smolts at the Harbour was 12% lower than that 





TABLE VIII. The coefficient of condition of smolt taken at different times and in 
different places 





| 


Coefficient 

| Speci- Aver. -— 
Source of material | mens length | Range 
(no.) (cm.) 


Average 


Margaree Harbour, June, 1936...........| 88 15.1 .69-1.01 0.84 
“Up river”, EMD sie sas 28° 14.3 | .82-0.98 | 0.90 
Margaree Harbour, June, 1937.. | 15. .57-1.00 | 0.77 
| Forest Glen Brook, June, 1937.. | 14, .72-1.07 0.87 
| Margaree Harbour, June 1-7, 1936 ; 15.4 | .69-0.99 | 0.80 


June 9-13, 1936......; 39 | 14.7 | 0.72-1.01 | 0.88 
| Margaree Harbour, May 22-30, 1937 3. | «(15.4 ‘ .88 0.74 
June 1-10, 1937. .....| < | 15. : 0.75 
June 11-29, 1937. ....| 15. | 96 0.84 


for June fish. The examples indicate that the smolt which leave the river earlier 
in the season are thinner than those which leave later. A study of the coefficient 
in relation to the place of capture shows that, in every case, those fish farthest up 
river from the harbour mouth have the highest factors. 

Thus we see that the smolts with the highest coefficients are those taken 
farthest up the river earliest in the season. Or, those fish nearest the sea, both 
in point of time and place, have the lowest condition factors. The gradual char- 
acter of the smolt metamorphosis will explain this—at least in part. Some of the 
fish taken up river and classed as smolts are doubtless incompletely transformed. 
A progressive widening of the circuli on the smolt scale is evidence of the gradual 
character of the smolt transformation. However, the data do not exclude the 
possibility that the smolt, following the loss of weight concurrent with the meta- 
morphosis, improves in condition again as it lingers in the river. Lovern (1934) 
suggests that the fat deposits are used up to effect the transformation. Our data 
may indicate that following this loss the fish commences to gain weight again as 
a ‘‘new individual”. 


IN SMOLT RETAINED IN FRESH WATER 

In 1937 an artificial barrier in Forest Glen brook prevented certain smolts 
from descending to the sea, thus interfering with their normal behaviour. Aver- 
age condition factors for the 2- and 3-year fish collected here between June | and 
10 were 0.92 and 0.89 respectively as compared to 0.79 and 0.81 for fish taken 
between July 11 and August 7. These differences in the coefficient of condition 
may not be due primarily to the retention of the smolt in fresh water, since 
‘‘smolt”’ taken in Forest Glen brook as late as June 10 may be only incompletely 
transformed. However, factors as low as 0.79 and 0.81 suggest that the fish at 
any rate did not increase in weight following the metamorphosis. Scale studies 
confirm this conclusion. The scales of the fish taken between July 11 and 
August 7 show a distinct narrowing of the circuli and indicate that conditions 
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were not suitable for the continued normal growth of the fish. The coefficients 
of condition are in marked contrast to those of fish which go to the sea in the 
usual manner, since grilse have, on the average, a factor of more than 1. Growing 
conditions are admittedly very slow in Forest Glen brook where 73% of the fish 
are 3-year smolts as compared to 27% for the Margaree river as a whole; and 
where fry taken during the first week of August are only, on the average, 4.0 cm. 
long in contrast to the 4.9 cm. fish at Widow Lord’s brook or the 6.1 cm. fish at 
Doyle's bridge. However, even in lake Ainslie, at the mouth of Trout brook, 
where very rapid scale growth takes place and growing conditions are presum- 
ably excellent, there is little change in the coefficient of condition. On August 2, 
1937, a 22.6 cm. fish was taken there showing excellent smolt growth for the cur- 
rent year but with a condition factor of only 0.85. Examples of dwarfing pro- 
duced in Atlantic salmon through retention in the fresh water may be found in 
the literature (Menzies 1912). Salmon of the post-smolt stage are dependent for 
their rapid growth upon reaching the salt water. 


IN RELATION TO SEX 


From table [X it will be seen that the variations in the coefficient of condition 


TaBLeE IX. The coefficient of condition of male and female smolt 


Females Males 


| Coefficient Coefficient 
Age | Speci-| Aver. ——- ——| Speci- | Aver. |---| 





Date (yrs.) | mens | length Range Aver. | mens | length| Range | Aver. 
| (no.) | (cm.) | (no.) | (cm.) | | 
cw i ‘ ‘ nines neh otiialctactaiataaiaalill sia sities ‘ Ba iat 
1936 2+ | 60 | 14.8] 0.69-0.98 | 0.84| 17 | 14.2] 0.80-1.01 | 0.89 
3+ 13 | 15.5] 0.78-0.99 | 0.87| 7 | 15.5] 0.73-0.99 | 0.90 
1937 2+ | 62 14.6 0.64-1.07 0.77 20 15.0 0.66-0.96 0.81 | 
3+ 19 15.4 | 0.57-1.07 0.74 12 15.7 0.66-1.05 0.79 | 








of male and female smolt ave of the same order as those of the male and female 
parr. In every case the males have the advantage over the females. 





IN RELATION TO AGE 


The coefficient of the smolt’s condition was examined in relation to the age 
of the fish at migration. In 1936 the average factor for 3-year smolts was 0.89 
as compared to 0.85 for the 2-year fish. In 1937 the average coefficient for fish 
of both ages was the same (0.78), although the 3-year salmon were a full centi- 
metre longer than the 2-year fish. It will be recalled that the older salmon parr 
have higher coefficients. The condition found in the smolt may be interpreted 
in one of two ways. The 3-year smolts may represent the “‘runts”’ of the parr, 
since they did not go to sea as 2-year fish. Hence their condition would be lower 
than is normal for fish of that age. Or, the smolt metamorphosis may erase any 
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difference in condition attained by the parr of different ages and initiate a new 
period in the growth of the salmon. 


THE SEA LIFE 


IN RELATION TO AGE OF MIGRATION AS SMOLTS 


Nall (1926a) finds no real difference in the condition of the sea trout of the 
river Ewe and loch Maree which migrated as 2-year smolts and those which 
migrated as 3-year fish. On the other hand, in his studies of the river Ailort and 
loch Eilt fish (1926b) he concludes that trout migrating as 3-year smolts have a 
distinct advantage in fatness over the 2-year migrants. In this connection we 
have examined the June collection of the Saint John fish. No relationship be- 
tween the coefficient of condition and the migrating age is evident (table X). 
This is in agreement with our conclusions as to the effect of the smolt metamor- 


TaBLE X. The coefficient of condition of the mature salmon in relation to its age as 
a migrating smolt 


2-year migrants 3-year migrants 
act Taal ieee a ; ' -iceiciiaantlapictin 
| Coefficient Coefficient 
|Speci- | Aver. |\—---——_-.——|Speci- ] Aver. |---| 
| Source of material | mens |length Range | Aver. | mens |length | Range Aver. 
| | (no.) | (cm.) | | (no.) | (cm.) 


|— a eamionieiren = | 





talc ic iabtiannee’ 
| 


| Saint SOMR:.......: 
| | 


| 1.03 94 82 0.87-1.19 | 1.04 
} | 
82 | 0.84-1.28 | 1.01 92 82 | 0.76-1.19 | 1.00 | 
| | 
| 
| 


41 | 82 | 0.87-1.19 


| Lorneville.......| 59 | 
| | 

| Dipper harbour..| 71 | 82 | 0. 94-1.33 1.12 56 | 82 | 0.89-1.37 1.12 
| | | 








phosis. It will be recalled that in the Margaree fish this transformation seemed 
to erase the differences so evident in the parr. 


IN RELATION TO SEA-AGE AND LENGTH 


For both Margaree and Saint John salmon there is a progressive rise in the 
coefficient of condition with the increase in length of the fish (figures 1 and 3). 
Menzies (1924) has shown that this occurs in the salmon on the coast of Scotland. 
For other species of fish, Clark (1928), Keys (1928), and Hart (1931) have shown 
with an abundance of material that the weight increases at a slightly greater rate 
than the cube of the length. It is evident, however, that for our salmon the curve 
is not a continuous one. In figure 1, for Margaree fish, three distinct peaks 
occurring at approximately 75 cm., 90 cm., and 100+cm.—are noted. The graph 
for 1936 was identical in form. Scale studies of these fish show that 92.5% of 
the salmon between the lengths of 75 and 85 cm. have spent two full years in the 
sea; 100% of those between 85 and 100 cm. are 3-year fish; and 75% of the small 
number measuring over 100 cm. have been to sea more than three years. The 
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three points, then, correspond to the three sea feeding ages. In the same figure. 
the curve for numbers of salmon indicates that the peaks of condition are coin- 
cident also with maximum numbers of fish. The majority of the fish of any sea 
year have reached a certain length which varies only within narrow limits. Those 
fish which have not attained that length, the “‘runts” of the sample, are thinner. 
Menzies (1924) expresses the same thing when he says that the long fish of one 
age group are heavier than fish of equal length to themselves but which are the 
shorter fish of the next older age group. It should be pointed out, however, that 
this does not seem to be the rule for certain other fishes. Thus, Hile (1936) finds 
the coefficient of condition of the cisco to be independent of age in fish of the same 
length. 

The Saint John fish (figures 3 and 4) indicate that further factors modify 
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Ficure 3. The coefficient of condition in relation to the length of the fish at Dipper harbour 
(continuous line), at Saint John harbour (heavily dotted line) and at Lorneville (broken 
line). The line of fine dots represents the percentage of salmon of various lengths in the 
Saint John harbour catch. , The per cent curve was almost identical at the other places. 


the simple rise in condition with increasing length. An analysis of the numbers 
of fish in relation to the various lengths (figures 3 and 4) shows that the majority 
of the Saint John salmon range from 78 to 88 cm. in length. Maiden fish between 
the lengths of 72 and 90 cm. have, almost uniformly, spent two full years in the 
sea. From our study of the Margaree data we should expect that the fish meas- 
uring between 80 and 90 cm. would have the highest coefficients of condition. In 
no case is this the simple relationship. A separation of the 2-sea-year salmon into 
the “‘spring’’ and ‘‘summer”’ groups emphasized by many writers shows essen- 
tially the same condition (figure 4). In general it seems fair to say that the fish 
between the lengths of 78 and 88 cm. have the highest coefficients, but it is also 
evident that salmon of 75 cm. (presumably the “runts”’ of the group) are as fat 
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or fatter than those of 85 cm., and that 2-sea-year fish of either extreme in length 
(70 to 73 cm. or 88 to 90 cm.) are in poorer condition than most of the fish. 
Figure 1 does not contradict this, although the scale studies were not extensive 
enough to analyze the data completely. The results seem to be in partial agree- 
ment with Menzies results for the salmon of Scotland. His diagrams for the fish 
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Ficure 4. Variations in the coefficient of condition for 2-year salmon (continuous line) and for 
2+-year salmon (broken line) of different lengths; at Dipper harbour (upper graph) and 
at Saint John harbour (lower graph). The continuously and discontinuously dotted lines 
represent, respectively, the numbers of 2- and 2+-year fish in the different samples. 


of the Spey (1923a, p. 15) show that salmon of all age groups have much lower 
factors at the extreme lengths. He relates this to the small number of fish. The 
other studies do not show the same uniformity. Thus, for the river Dee (Menzies 
and MacFarlane 1924b, p. 17) there is a falling off in the condition at the extreme 
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lengths for the 1+ and the 3-year fish, but not for the 2- and the 2+-year salmon; q 
while the Spey studies (Menzies and MacFarlane 1924a, p. 16) show a continued tt 
rise with length for the fish of all age groups. However, a comparison of the dia- r 
grams (Menzies 1923a, p. 15, and Menzies and MacFarlane 1924a, p. 16) suggests t 
that the extremes were not as great in those cases exhibiting no fall at the extreme | 
length. It seems that the exceptionally long fish as well as the “runts’’ are f 
thinner than the average. a 
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FiGureE 5. Seasonal variations in the coefficient of condition of the 2-year salmon (continuous 
line) and the 2+-year salmon (broken line) at Saint John (upper graph) at Lorneville 
(middle graph) and at Dipper harbour (lower graph). 


IN “SPRING” vs. “SUMMER” FIsH 

It is customary to divide the salmon of any sea year into ‘‘summer”’ fish 
(those which have added wide circuli to the scales during the current season) and 
‘‘spring”’ fish (those which show no growth for the current year or have added 
bands of the winter type). The significance of these types of growth seems to be 
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quite unknown (Menzies and MacFarlane 1924b). However, the Saint John data 
have been analyzed in this light for the sake of comparisons. Figure 5 shows the 
results for salmon taken in Saint John harbour and for Saint John fish taken at 
two different points in the sea. ‘‘Summer” fish in the harbour were uniformly in 
better condition than “‘spring”’ fish (figure 5); a condition similar to that generally 
found in the rivers Dee and Spey in Scotland (Menzies and MacFarlane 1924a 
and b). In contrast, however, “‘spring’’ fish had the advantage very definitely 
at Lorneville and to a small degree at Dipper Harbour (figure 5). This latter 
condition is similar to that found in the rivers Moisie of Quebec and Wye of Eng- 
land (MacFarlane 1928), and occasionally in Scottish rivers (Menzies and Mac- 
Farlane 1932). Corbett (1922) finds that, in general, “‘spring’’ salmon are fatter 
and heavier than the ‘“‘summer”’ or ‘‘autumn”’ fish. What the apparent contra- 
dictions in the Saint John data may mean is not evident. 


IN MAIDEN vs. SPAWNED FIsi 
Lee (1913) states that salmon which have spawned once are as fat and well- 
conditioned as maiden fish. Menzies, on the other hand, in his studies of the 
rivers Spey and Dee, finds that this class of fish has invariably a lower coefficient 
of condition than maiden fish of the same age. In his study of the river Conon 
1928) he points out that small “‘spring”’ fish of the short absence type have not 
recovered to the condition of maiden fish, but that grilse spawners of the short 
absence type and small “‘spring”’ fish of the long absence type have recovered well. 
Nall (1926a and b) finds little real difference in the condition of spawned and 
maiden sea trout. 
The data for the Saint John salmon are presented in table XI. In this the 
2-sea-year maiden fish are compared with the grilse spawners of the long absence 
type, and the 3-sea-year maiden fish with the 2-year spawners of the long absence 


laste XI. Saint John salmon. Coefficient of condition of fish with different histories and 
at different places 


| 





} Saint John harbour Lorneville Dipper harbour 
2 al eens — “ — 
| x ae Coefficient 2 oa Coefficient | 2 = Coefficient 
e |&& |e |&& ¢ |&& 
Exe opened Mn és BaE= 
Material | £12 &| K5/z &| cies 
a ©| Range |Aver.| “ &| Range |Aver.| &| Range | Aver. 
| } | 
‘a : = aed | ss tisl . s 
| Maiden fish | | 
2-sea-years...... ‘ 296) 82 |0.72-1.38) 1.06)186.| 84 |0.79-1.28) 1.00)330 | 81 |O 81-1.37| 1.09 
3-sea-years | 4] 92 10. 86-1.03} 0.95} 6 | 86 |0.92-1 ay 1.02} 20 | 88 0 81-1.26| 1.07 
| | | 
| | | | 
Spawned fish | 
(long absence type) | | | | 
All ages.... sie .| 22 | 92 j0. 87-1 32) 1.05) 12 | 86 |0.87-1 17 0.99) 16 | 90 lo 89-1.44) 1.12 
l-sea-year, spawned .| 5 | 85 |0.87-1.11| 1.02) 3 | 83 |0.93-1.07| 1.01} 5 | 83 |1.07-1.29) 1.19 
7 0 
‘ 








2-sea-years, spawned 1 93 |0.89-1.32) 1 06} 9 | 87 |0.87-1.17] 0.98) 8 | 91 |0.89-1 19} 1.08 
| | 
Spawned fish | 
(short absence type) | 
All ages 
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type, since in either case these fish are of approximately the same size and have 
spent the same length of time in the sea. A comparison of the condition of 
spawned and maiden fish of the same age (total number of years) would not be 
justified because of the larger size of the maiden fish and the effect which this has 
on the condition. Table XI fails to show any definite order between either 
maiden and spawned fish or between short and long absence types. It is con- 
cluded that, on the whole, these fish have recovered well by the time they come 
within range of the nets. 


SEASONAL VARIATIONS 


Seasonal variations in the condition of mature salmon are shown graphically 
in figures 2, 5, and 6. As pointed out by Menzies (1923, etc.) for the salmon of 
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Ficure 6. Seasonal changes in the coefficient of condition for the salmon taken at Dipper 
harbour (continuous line), in Saint John harbour (dotted line), and at Lorneville (broken 
line). 


Scotland there is, in general, a rapid spring improvement followed by a falling off 
in condition during the late summer and autumn. He concludes that the rise is 
due partly to an increase in the size of the fish and partly to a real seasonal 
improvement. Thus two factors are to be considered, the relative size of the 
fish being caught and the changes in fatness—including the seasonal increase in 
size—due to summer feeding. 


JUNE JULY AUG. | 
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That the improvement is not dependent upon increasing numbers of larger 
and older fish appearing on the shore is proved by the Margaree data of 1935, 
where the average size of the fish declined while the coefficient of condition rose. 
Moreover, exactly the same order of change prevails in the salmon of Dipper 
harbour, where fishing is presumably in the salmon’s feeding grounds and the 
size and age of the fish are quite uniform. 
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That the seasonal change is largely due to feeding habits is indicated by a 
series of about 500 digestive tract analyses of the Margaree fish in 1937. The 
cessation of feeding seemed quite abrupt and the coefficient of condition com- 
menced to decline at about the same time (cf. fig. 2 and table XII). The evidence 
is not entirely conclusive since only about 30% of the fish at any time show evi- 
dence of feeding. The decrease in the proportion of fish having tape-worms was 
even more striking—90 to 100% of the salmon being parasitized before the first 
of July and only about 15% after that date. It would seem that tape-worms are 
dropped when the salmon ceases feeding. A less complete series of analyses on 
the Saint John fish in 1938 indicates that although there is a decrease in the 
number of fish feeding between the first and second week of July, some fish take 
food at least until the end of July—July 28, at Dipper harbour. Differences 
between the feeding times of the Margaree and Saint John fish are probably 


TABLE XII. Digestive tract analyses of mature salmon. 


Specimens | Percentage Percentage 
Source of material examined | feeding parasitized 
Margaree Harbour, 1937 
Be. fa) ohare | 55 10.9 94 
Ra Nerseg ts ters ete 17 29.4 92 
We cals tordne dread 12 16.6 92 
NES SRP 34 11.7 94 
Ras « Vics abesen 51 7.8 96 
eee 15 0.0 93 | 
Se ee | 15 13.3 100 
Sere ore | 4 0.0 100 
MCs St aarese tea 14 ee 14! 
Be wat eakwind bo 22 45.4 77 | 
res is a SSNS oe 13 23.0 23! 
sR oct eas 30 0.0 37! 
Big ch oats tats Grae 52 0.0 25! 
ree 19 0.0 | 16! 
Be atnt es kisier ack 41 0.0 19! 
aa cel tee 28 3.5 29! 
Saint John?, 1938 | 
Is 6G icin eda og 147 5.4 
Dies is Ghrtes is oe 88 8.0 
, le ara pana : 19 21.0 
AP ee ore ‘ 54 11.0 
DN iw es ahaa 62 4.8 


BE Mere cwciace wos a 21 4.8 


'These percentages are high, since in most cases the majority of the tape-worms had been 
dropped and only small ones in small numbers remained. Tape-worms were reported as present 
if they were found at all. 

*Scattered samples at Dipper harbour showed the presence of food until the end of the 
fishing—July 28. 
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correlated with the more abrupt seasonal rise in the water temperature in the 
gulf of St. Lawrence, resulting in an earlier peak in feeding conditions there. It 
may account for the lack of continuity in the curves of bay of Fundy fish (figure 
6) in comparison with those for the fish of the Cape Breton coast (figure 2). 

Menzies and MacFarlane (1924a), for the river Spey, conclude that condition 
in any age group improves as the season advances until August for ‘‘summer’”’ fish 
and until the end of the main run for “‘spring’’ fish. In another river (1924b), 
however, “‘spring’’ fish showed a deterioration from month to month throughout 
the run. Figure 5, for Saint John fish, shows exactly the same order in both 
groups. We can only conclude from our data that salmon of any age show a 
rapid spring improvement in condition with a falling off in summer and autumn; 
and suggest feeding conditions as the most obvious explanation. 


IN RELATION TO ENVIRONMENT 


That the environment has a very potent influence on the condition of the 
mature salmon will appear from a comparison of the curves in figures 1 and 6. 
It is evident that the coefficient of condition of the Margaree fish is consistently 
the lowest and that of the Dipper harbour fish the highest of the four series. Fish 
from the Cape Breton coast are both shorter and thinner than those of the bay 
of Fundy. Menzies (1923b) finds a similar contrast in his studies of the rivers 
Dee and Spey in Scotland. He discusses racial tendencies in his explanation of 
the differences shown by the fish of the two rivers. The differences shown by our 
salmon seem to be due to simple differences in environment. The bay of Fundy, 
in contrast to the gulf of St. Lawrence, provides a more uniform environment 
due to the strong tide action—and a very excellent food supply. The herring 
fishery may be given as evidence of the latter fact. This is of great commercial 
importance in the bay of Fundy while on the Cape Breton coast herring are taken 
in very small numbers and only for local use. Moreover, within the bay itself 
feeding improves steadily on going westward toward the gulf of Maine. Thus, in 
1936 there were only 3,380 barrels of herring from the coast of Saint John county 
as compared to 242,988 barrels from Charlotte county (Fisheries Statistics, 1937, 
p. 100). Feeding conditions would, then, be progressively better from Margaree 
harbour to Lorneville and to Dipper harbour. The coefficients of condition show 
the same order. Environmental influences seem to be more evident here than 
racial differences. 

Figure 6 suggests further differences in the samples of salmon from the New 
Brunswick coast. There seems to be a rather definite difference in the time at 
which the seasonal height of the coefficient is reached at the three places. In 
order, the condition of the fish at Saint John, at Lorneville, and at Dipper harbour 
reaches a maximum and declines. Also, the coefficient continues to rise and is 
maintained for the longest time at Dipper harbour and for the shortest time at 
Saint John harbour. The fish at these different places, as far as the coefficient 
of condition is concerned, behave as distinct groups during the early part of the 
season. It is suggested that the salmon of the Saint John river are rather pre- 
cisely distributed in the bay of Fundy, and that they tend to maintain their same 
relative position, at least up until the latter part of the summer when they are 
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returning to the river in large numbers. Scale studies of these fish have led to 
the same conclusion (Hoar, unpublished). The complications of the latter part 
of the Saint John harbour curve are probably due to additions or subtractions of 
fish in the harbour. 


SUMMARY 


The condition of the Atlantic salmon, as studied through comparisons of the 
weight-length relationship of the fish, is found to vary considerably from place to 
place, from year to year, and from time to time during the same year. Minor 
variations are of little significance, but the same sequence of changes in the data 
of the different years and different places has led to the following conclusions. 

The coefficient of condition of the fry on emerging from the gravel is less than 
one, but rises rapidly during the first four or five weeks to remain constant or to 
fall off toward the latter part of the summer. 

The factor for parr is greater than one, and as high as that of the salmon at 
any time in its life history. The older parr have the higher factors. Male parr 
are fatter than females of the same age. The environment—food and temper- 
ature—has a definite effect. The coefficient rises rapidly during the spring and 
early summer to decline in the late summer and autumn. 

The smolt transformation is marked by a distinct fall in the coefficient of 
condition. Smolt factors resemble those of the emerging fry. The earliest smolt 
to leave the river are the thinnest. If forced to remain in the river, smolt do not 
gain weight and grow as well as salmon which reach the sea. 

The factor for the mature salmon shows pronounced variations but is, on the 
average, greater than one. The age of the smolt at migration is without effect 
on the condition factor of the mature salmon. In general the older fish have the 
higher coefficients. No constant relationship could be found between the factors 
of the ‘“‘spring’’ and ‘‘summer”’ salmon in different places. In any age group the 
mass of the fish have a higher coefficient of condition than either the ‘‘runts’’ or 
the exceptionally long individuals. Spawned fish have recovered to the condition 
of maiden fish of the same size and sea-age by the time they are captured in the 
nets. The condition of the adult salmon improves rapidly during the spring and 
early summer, but declines in the late summer and autumn. The extent of this 
rise and its duration depends on the local feeding conditions. 


This work has been carried out under the direction of Dr. A. G. Huntsman, 
Fisheries Research Board of Canada, to whom the writer acknowledges his 
indebtedness for numerous suggestions and for helpful criticism. 
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A Specific Gravity Method for Determining Fatness (Condition) in 
Herring (Clupea pallasii) 


By ALBERT L. TESTER 
Pacific Biological Station 


(Received for publication October 1, 1939) 


ABSTRACT 


Condition factors calculated on the basis of weight and length are not a satisfactory index 
of fatness and a new index called a ‘‘fat factor’’ (F) is described. This is related to the specific 
gravity (G) of a fish by the equation F=G/(G—1). Seasonal trends in F and a high positive 
correlation between F and percentage oil content of individual fish demonstrate its superiority 
over other condition factors as an index of fatness. A difference in either the specific gravity of, 
or ether-soluble material in, male and female gonads is reflected in the F values of male and female 
fish as a whole. 


INTRODUCTION 


The word ‘‘condition’’ has been employed by fisheries biologists to describe 
the “degree of well-being” of a fish. As a measure of this, various ‘‘condition 
factors’’ have been calculated gn the basis of weight and length. Hile (1936) 
reviews the question of condition in considerable detail. He considers that it 
is a function of form, or heaviness relative to that which would be expected 
under conditions of isogonous growth in all body dimensions, and therefore 
would be measured best by K in the equation K = W/L’, where W is weight and 
L length of a fish. On the other hand, Hart and others (1940) prefer to consider 
condition as heaviness relative to the average weight at any length and to use 
the value C in the equation C = W/L”, where x is the empirically-derived exponent 
of the general weight-length relationship W=CL”. Hickling (1938) has resorted 
to the simple expedient of using the average weight of fish at one length as a 
measure of condition. There are advantages and disadvantages to the use of 
all three of these condition factors and any choice must depend on the particular 
problem under consideration. However, all seem to fall short of measuring the 
“degree of well-being” of an individual. 

In the case of herring and pilchards, condition has been considered by the 
author, and probably also by other investigators, to be more or less synonymous 
with “‘fatness”’ or percentage oil content. That this view is also entertained by 
Hile (1936) is to be gathered from his discussion of Clark’s (1928) results on 
sardines (pilchards) and the coupling of fatness and condition in the following 
statement: ‘‘Inasmuch as relative heaviness is thus showed to be dependent on 
fatness (condition), changes with length in relative heaviness must be considered 
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also to represent changes in condition.’ In the Clupeidae, and possibly in other 
groups of fishes, degree of fatness may come closer to the concept of ‘‘degree of 
well-being’’ than any condition factor calculated on the basis of weight and 
length. 

Although in some cases significant correlations have been obtained between 
average condition factor and fatness, usually the former is not a satisfactory 
index of the latter. Regarding this, Hart and others (1940) state for the Pacific 
herring: ‘“‘in spite of a significant correlation [0.69] a calculation of the regression 
equation relating percentage oil to condition factor . . . shows such a high stand- 
ard error that it is very doubtful that forecasts of oil can be based on length and 
weight determinations with sufficient accuracy to be of practical value.” If 
condition and fatness are considered to be synonymous, and if direct oil analyses 
are to be avoided, a new condition or fatness factor which is more closely cor- 
related with percentage oil content of the fish is highly desirable. Such a factor 
is described in the following pages. To avoid confusion it has been called a 
“fat’’ factor and has been designated by the letter “‘F’’. 


SPECIFIC GRAVITY AS A MEASURE OF FATNESS 


For the Pacific herring, Hart and others (1940) record ranges of variation 
in the oil and protein composition of respectively 4.1 to 19.4 and 10.1 to 16.8 
per cent of whole weight. As (1) herring oil has a low specific gravity (0.9135 
at 25°C., Brocklesby and Denstedt 1933) compared with that of the complex 
proteins of which the muscle, bone, viscera, etc., are basically composed, (2) oil 
and protein are present in quantities of the same order of magnitude, and (3) 
oil percentages fluctuate widely (over 300 per cent of the minimum value) 
between seasons of the year, it seems reasonable to expect significant variation 
in the specific gravity of the fish which will be inversely correlated with percentage 
oil content. Taylor (1922) came to a similar conclusion for fishes in general from 
a consideration of the specific gravities of the substances involved. He presents 
tables of the specific gravities of fish substance for various percentages of fat, 
calculated from the combined (approximate) specific gravities of the fat-free 
substance (1.076) and the fat (0.925). 

Reibisch (1908), after investigating 200 flounders, concluded that the specific 
gravity remained more or less constant (1.06). However, any seasonal differences 
in the specific gravity of flatfish might be considerably smaller and, therefore, 
harder to detect than in oily fishes such as pilchards and herring. Moreover, 
Reibisch does not definitely state that the material he examined was representa- 
tive of all seasons of the year. Keys (1928) states that fishes ‘‘are at all times in 
rather close hydrostatic equilibrium with their environment and it follows that 
there can be little or no change in the specific gravity of the fish as a whole during 
its growth so long as it remains in the same environment.’ It might be pointed 
out that, according to the classical interpretation of the function of the swim 
bladder, the specific gravity of the live fish as a whole is changed radically at will, 
and that, as discussed in detail by Taylor (1922), should any change in the specific 
gravity of the flesh, bones, or viscera take place, compensation might be made 
by adjustment of the swim bladder. 
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The use of specific gravity as a measure of fatness is not a new idea. Taylor 
(1922) states that ‘‘Bull (1896, 1897) investigated the possibility of determining 
the fatness of fish quickly and simply by determining the specific gravity of the 
fish, and his results, while not altogether satisfactory, are promising.’”” Un- 
fortunately, Bull’s original papers (in Norwegian) are not available to the 
present author, who conceived the idea and worked out a method independently. 
It would seem that Bull’s original papers, and the promising results contained 
therein, have escaped the attention of most fishery biologists. 


MATERIAL 


Information on the samples of herring used in the present study is given in 
table I. All localities are on the southeast coast of Vancouver island except 
Barkley sound, which is on the west coast of the island. 


TABLE I. Information on samples of herring 











| | | 

Date No. | Place Method | State 
of capture of fish | of capture of capture of gonads 
Nov. 9, 1938 | 48 Swanson channel | Purse seine Ripening | 

Nov. 11, 1938 50} Swanson channel | Purse seine Ripening 
| Dec. 21, 1938 50 Barkley sound | Purse seine Ripening 
Feb. 1, 1939 50 S| Departure bay | Gill net | Nearly ripe | 
Feb. 8, 1939 | 20 Departure bay | Gill net Nearly ripe | 
| Apr. 20, 1939 21 Active pass | . Jig | Spent 
| | 





The samples extend in time from November to April, a six-month period 
during which there is a rapid decline in the oil content of the fish (Hart and others 
1940). During this period the gonads gradually ripen and become fully ripe in 
March when spawning usually takes place. According to the scale adopted by 
the International Council for the Exploration of the Sea, ‘“‘ripening’’ gonads would 
be at stage IV; ‘‘nearly ripe’’ gonads at stage V; and “‘spent”’ gonads at stage VII. 


METHODS 
DETERMINING SPECIFIC GRAVITY 


In first attempts at determining the specific gravity of herring a volu- 
metric water-displacement method was used. A round copper cylinder about 
50 cm. long and 8 cm. in diameter was fitted near its open upper end with an 
inverted-U-shaped drainage tube which passed through the wall of the vessel. 
The inner end of the drainage tube was tapered and filed to a thin edge. When 
water was placed in the vessel it drained through the outlet to approximately 
constant volume. A herring, with an incision into the body cavity, was dropped 
into this and the water displaced was collected and measured in a glass graduate. 
Repeated determinations with the same fish failed to give constant results, 
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chiefly because air in varying amounts was trapped inside the body cavity, and 
the method was abandoned. 

The following procedure for handling herring and determining their specific 
gravity was finally adopted as standard for this investigation: (1) adjust a beam 
balance to read zero when from one end is suspended a piece of wire to which 
is attached an ordinary small fish hook and the latter is immersed in a pail of 
tap water at 13°C.; (2) take a scale sample for age determination; (3) determine 
standard length (Tester 1937) and sex; in the latter process, make a neat incision 
into the dorsal part of body cavity, without cutting into the gonads; puncture 
the swim bladder; (4) scale the fish and wipe with a damp cloth; (5) quickly 
weigh the fish to the nearest tenth gram on a torsion balance; (6) take the hook 
attached to the wire and insert the former through the lower jaw and tail so that 
the fish is flexed with the incision to the outside; (7) immerse the fish in water 
and open the opercular and body cavity in order to expel all free air; still keeping 
the fish immersed, suspend it from the end of the balance by means of the wire, 
and quickly determine its weight in water to the nearest hundredth gram (figure 
1). 











——— HERRING b//7H BODY 
CAV/TY OPEN 


~~ FAIL OF WATER 





FIGURE 1. Method of determining the weight in water. 


While developing this final procedure (D), determinations on samples were 
made by three prior methods (A, B and C), each involving a slight difference in 
technique, but each successive difference representing an improvement (details 
of their use in table IT). 
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A differed from B, C, and D in that special care was not taken to ensure the 
complete escape of air from the gills and opercular cavity. A and B differed 
from C and D in that special care was not exercised to completely exhaust the 
swim bladder of air. In A and B, of which all samples were purse seined except 
that of February 1, this precaution did not seem necessary at the time of de- 
termination, for, in those fish which were carefully examined, the swim bladder 
appeared to be completely collapsed. This, however, was not the case in the 
gill-netted samples of February 1 and succeeding dates. A, B, and C differed 
from D in that scales were not removed before weighing in air. It was noted 
that fish tended to lose their scales during the rough treatment necessary to 
ensure the complete expulsion of air, and this loss would introduce a slight error 
in the weight of fish in air as already determined before immersion. A, B, and C 
also differed from D in that no serious attempt was made to control the tempera- 
ture of the water in which the fish were weighed. Tap water of low temperature 
was brought into a warm room and allowed to stand for a period usually of at 
least one or two hours before being used. In the three methods A, B, and C, 
individual fish might have been weighed in water at temperatures differing by 
about 5°C. 

If the temperature of the water varies widely, the weight of the fish in water 
will also vary appreciably. In increasing water temperature from 5 to 23°C. 
over a period of 75 minutes the weight in water of a herring decreased from 5.06 
to 4.10 g. This decrease in weight is believed to be due partly to variation in 
the specific gravity of fish oil, and possibly of protein, with temperature (variation 
in water density may be neglected) and partly to the expansion of air inside the 
fish—air which does not escape on first immersion: In regard to the former, a 
regular decrease in specific gravity of pilchard oil with increase in temperature 
is shown by Brocklesby and Denstedt (1933). Regarding the latter, when the 
fish was disturbed in the water at 23°C. free air escaped and the weight in water 
increased to 4.29 g. On again decreasing the temperature to 5°C. over a period 
of 10 minutes, the weight in water increased to 4.74 g., a value somewhat less 
than the original minus the weight increase due to loss of air, but roughly com- 
parable with it (5.06—0.19=4.87). Lack of careful control of temperature 
introduces an error in methods A, B, and C which is believed to be of relatively 
small magnitude, but which can be readily avoided. 

Comparisons of the determinations under methods A, B, and C are available 
as, with each change, determinations on a part of each sample were made by the 
method previously employed. 


CALCULATING SPECIFIC GRAVITY AND FAT FACTOR 


Specific gravity (G) is expressed by the equation: 
W, 
e W, _ W,, 


where W, is weight in air and W,, is weight in water. For the present purpose, 


I 


however, a fat factor (F) was calculated according to the following equation: 
F . 
~~ G-l WwW, 
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The use of F rather than G as an index of fatness has the advantages that (1) 
it is easier to calculate, involving one simple act of arithmetic which may be 
readily accomplished on a slide rule; (2) variations in G are magnified; and (3) 
it varies in the same direction as fatness, i.e., a relatively fat fish will be expected 
to have a relatively high F value. 

Other calculations might be made to obtain indices of fatness, e.g., G itself, 
G—1, 1—(1/G), etc., but the above is considered to be the most satisfactory. 


DETERMINING OIL CONTENT 


(Feb. 8, 1939), the fish were placed in individual no. 2} cans. The cans were 
then filled with boiled water, sealed, and processed for 75 minutes at 15 Ib. 
per sq. in. pressure (1.1 kg. persq.cm.). In addition, specific gravity determina- 
tions were made on the gonads of five male and five female fish and these two 
composite samples were canned separately. Later, the contents of the cans were 
evaporated to dryness, the ‘‘oil’’ (ether-soluble material) was extracted with ether, 
and the ether was finally removed from the extract by evaporation. The results, 
expressed in grams of oil, are given to the nearest 0.01 g. in table III. However, 
they are considered to be correct only within +0.2 g. 

The oil determinations were made by Dr. H. N. Brocklesby, assisted by Mr. 
Kk. F. Harding, of the Fisheries Experimental Station, Prince Rupert, B.C. The 
author is very greatly indebted to them for making these determinations and 
wishes to express his sincere thanks. He is also grateful to Dr. Brocklesby, and 
to Mr. J. P. Tully, of the Pacific Biological Station, Nanaimo, B.C., for assisting 
in the interpretation of the chemical data. 


After specific gravity determinations were made on 20 individual herring 


RESULTS 


SEASONAL CHANGE IN F 





In table II are given average F determinations on samples of herring from 
southern British Columbia. The data are the result of an exploratory attempt 





TABLE II. F values for various samples according to the four methods. 

















F values with method Approximate commercial 
; a 7 oil yield 
Date of fish A B cs D | (gal./ton) 
Nov. 9, 1938 48 | 27.0 Plies —- | — 
Nov. 11, 1938 14 25.8 | — — — 40 
36 — | 9.3 — — | 
Dec. 21, 1938 os i- 21.4), — | 25 
1, 1939 16 — | 2.7 — — | 









8, 1939 
, 1939 





467 


at measuring F and determining its reliability as a measure of fatness. Average 
values of F range from 27.0 (method A) in fish of November 9 with ripening 
gonads, to 17.4 (method D) in the spent fish of April 20. With the improvement 
in technique the average F value of a sample has apparently been lowered. 
Nevertheless, the values under B show a steady decrease between November 11 
and February 1. It may also be seen from table II that this decrease is apparently 
correlated with a similar decrease in the (approximate) oil yield of herring re- 
duction plants at the time of sampling. 


The F values under B may be expressed in terms of specific gravity using 
the equation G= F/(F—1): 


Date F G 
moe. 12)... “242 1.045 
Dec. 31 ...:. 2.4 1.048 
Pen. 1.... 497 1.053 


The above results suggest that F varies with season and reflects percentage 
oil content of the fish. They are sufficiently encouraging to warrant a more 
detailed study of the relationship of F to oil content as determined by chemical 
analysis of individual fish. 


VARIATION OF OIL CONTENT WITH F, K, AND C 


The results of the analyses for oil content of the 20 fish taken on February 8, 
1939, together with other data for the calculation of fat factor F and the con- 
dition factors K and C are given in table III. In calculating K and C, the values 
obtained by the formulae given in the introduction to this report were multiplied 
by a constant (10°) as is usual; in the formula for C, the value  =3.2637 was used 
(Hart and others 1940). Variation of percentage oil content (%O) with F, K, 
and C, is shown in figure 2. 

It is apparent from figure 2 that there is a positive correlation between %O 
and F, but not between either %O and K, or %O and C. The strength of the 
correlations was calculated from the data of table III, using Fisher’s (1932, p. 161) 
formula, and their significance was appraised by calculating the statistic ¢ and 
obtaining corresponding values of P from Fisher’s table IV. 

%Oand F: r=+0.84; t=6.6; P less than 9,01. 

%O and K: r=—0.28; t=1.2; P=0.2—0.3. 

%OandC: r=—0.34; t=1.5; P=0.1—0.2. 
These results demonstrate the superiority of F over either K or C as a measure 
of fatness (condition). F gives a high positive correlation with %O, which is 
very significant according to accepted statistical standards; K and C both give 
low negative correlations which are not significant. 

It is interesting to note that the specific gravities of the leanest herring 
(no. 2, 3.0 %O) and the fattest herring, (no. 6, 12.2 %O), namely 1.067 and 1.054, 
come fairly close to those calculated on theoretical grounds by Taylor (1922), 
which are 1.071 and 1.055 respectively. The calculated G for no. 2 was obtained 
by interpolation from Taylor’s table. 
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TABLE III. Data on the sample of February 8, 1939: 


L —standard length (mm.); %O— percent oil by weight; 
S —sex; F — fat factor; 
We — weight in air (g.); K —vcondition factor; 
Ww— weight in water (g.); C —condition factor; 
W. — weight of oil by analysis (g.); G — gonads. 
| 
No. L S We | Wz Wo %O F a Cc 
1 207 9 106.6 5.34 11.41 10.7 20.0 2i | lO 
2 | 206 9 118.0 7.45 3.53 3.0 15.8 135 331 
3 |} 212 2 111.7 ».92 9.74 8.7 18.9 117 286 
} |} 208 2 109.9 6.44 5.63 5.1 17.1 122 299 
5 232 Q 149.4 7.63 16.31 10.9 19.6 119 284 
6 218 Q 135.3 6.95 16.53 12.2 19.5 130 315 
7 215 9 125.9 6.41 13.52 10.7 19.6 | 127 308 
Ss 205 Q 104.4 5.54 10.01 9.6 18.9 121 296 
9 222 J 135.3 7.29 14.63 10.8 18.6 123 297 
10 220 " 129.1 7.00 14.08 10.9 18.4 121 292 
11 211 P 124.1 7.13 11.24 9.1 17.4 132 322 
12 195 | j 92.6 4.79 9.26 10.0 19.3 12 | 313 
13 207 S | 4573 6.67 9.55 8.3.) 7s 132 | 323 
14 203 | 9 102.3 | 5.47 8.31 8.1 18.7 122 | 301 
15 209 | 9 111.9 5.80 11.54 10.3 19.3 123 | 300 
16 223 2 139.0 8.15 7.94 5.7 17.1 125 301 
17 214 7 | 116.0 | 6.90 8.40 7.2 16.8 118 288 
18 | 217 9 122.3 6.20 11.25 9.2 19.7 119 289 
19 225 154.3 9.35 10.91 38 16.5 135 324 
20 | 205 98.1 5.34 9.29 9.5 18.4 114 279 
21 | (G) G 98.5 7.87 2.26 2.3 12.5 
22 (G) 96.2 7.61 4.75 $.9 12.6 


Further examination of figure 2 reveals a tendency for males to have a higher 
oil content than females for a given F value. This is also shown in a different 
manner by the fact that the average percentage oil contents and average F values 
of the 13 females were 8.6 and 18.6 and of the 7 males 9.2 and 17.9 respectively. 
Whereas the average percentage oil content is higher for males than females, 
the average F value is lower. This indicates either a basic difference in specific 
gravity between the sexes, or a basic difference in the ether-soluble substances 
which are present. The correlation coefficient between %O and F for each sex 
(females: r= +0.93; t=10.7; P less than 0.01. males: r= +0.88; ¢=4.1; P=0.01) 
is higher than that for the sexes combined and both are statistically significant. 
The lines showing the regression of %O on F for males and females, calculated 
according to Snedecor (1937), have been included in figure 2. 

Consideration of the data for gonads (G, table III) throws some light on the 
above anomaly. Whereas the F values for males and females (12.6 and 12.5) 
are similar, the %O in males is over twice that in females (4.9 as compared with 
2.3). This suggests that either (1) the specific gravity determinations are erratic, 
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or (2) that the oil percentages are erratic. Regarding (1), it might be assumed 
that the oil percentages are correct, but that there is a difference in the specific 
gravity of the basic substances present in the gonads. Regarding (2), it might 
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FIGURE 2. Variation of percentage oil content (%O) with fat factor (F) 
and condition factors (K and C). 


be assumed that the specific gravity of the basic substances is similar in both 
sexes, but that in male gonads there is present a substance (or substances) which, 
unlike oil, is of high specific gravity, but which, like oil, is ether-soluble. What- 
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ever may be the explanation, it seems probable that the difference between the 
sexes noted above is caused, in part at least, by the inclusion of the gonads in 
the specific gravity determinations and oil analyses. That it is not the whole 
explanation is indicated by the results of Lovern and Wood (1937) who, in filleted 
preparations of the Atlantic herring, found a higher oil content in the flesh of 
males as compared with that of females in fish of a stage of sexual maturity 
comparable to that of the present material. 

That the specific gravity determinations for the gonads are reasonably 
correct is indicated by similar F values which were obtained on 4 male and 5 
female gonads from the sample of February 1 (13.1 and 13.2). That the differ- 
ence in ‘‘oil’’ content of male and female gonads is significant is indicated by 
the results of Wimpenny (1938) for the Atlantic herring, who also found that the 
mean percentage of ether-soluble material was considerably higher in male than 
in female gonads. 


CONCLUSIONS 

It has been shown that the specific gravity (G) of the Pacific herring and a 
fat factor (F) which is related to specific gravity by the formula F=G/(G—1), 
both undergo seasonal fluctuation. It seems probable that seasonal variation in 
the specific gravity of the flesh, bones, and viscera are compensated for in life 
by adjustment of the swim bladder. 

Further, it has been shown that variation in F and G is closely correlated 
with variation in the oil (ether-extract) content of the fish. F is shown to be far 
superior to condition factors calculated on the basis of weight and length of the 
fish as an index of fatness (condition). 

The fat factor F may prove to be of considerable value, not only in tracing 
seasonal changes in fatness of the fish as a whole, but also in studying variation 
in the fat content of parts of the fish when actual analyses are not possible or 
are undesirable. This statement is made in spite of an apparent anomaly in 
the relationship between F and percentage oil content of the gonads in the present 
material. 

The method is probably applicable not only to herring, but to pilchards and 


other oily fish, and, with further refinements in technique, possibly to other groups 
of fishes. 
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ABSTRACT 


The vitamin A potency of the liver and intestines tends to increase with the size of the 
fish in Sebastodes, Anoplopoma and Ophiodon, and is similar to that reported for halibut. Thx 
vitamin D potency of the intestinal oil is low but rather high in red and ling cod liver oils. The 
percentage of oil in the intestines of these fish is considerably higher than that of halibut. 


The red cod (Sebastodes sp. ?), black cod (Anoplopoma fimbria) and ling 
cod (Ophiodon elongatus) do not belong to the true cods of the Gadid family. 
These so-called cods are found in northern Pacific waters along the coast of 
British Columbia and are caught for commercial purposes either incidental to, 
or during the time restrictions are placed on, the fishing for halibut. The amount 
of livers offered for sale is proportionately small, and for this reason, few reports 
have been issued on the vitamin A and D potencies of the liver oils. Bills (1935) 
and Bills et al. (1937) have reported values lying within the ranges found for 
halibut liver oil. Pugsley (1938 a, b) in preliminary reports showed some of the 
variations encountered in the vitamin A potency of the liver and intestinal oils. 
The physical and chemical properties of these oils are described in a bulletin 
on the industrial chemistry of Canadian marine animal oils, shortly to appear 
from this Station. 

It is regretted that thé data on the black cod and ling cod are rather limited 
due to the early termination of the work through the author assuming other 
duties. 


PROCEDURE 


The fish were obtained through the co-operation of the crews of the Prince 


Rupert halibut fishing vessels, and were caught in waters within 40 to 80 km. 
of Prince Rupert, B.C. They were brought to the laboratory in a strictly fresh 


condition where they were sorted into weight groups as indicated in the 
accompanying tables. The treatment of the fish and the determination of the 


vitamin A and D potencies of the oils were carried out by methods previously 
described by Pugsley (1939a). The term “total viscera’’ denotes the stomach, 
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liver, intestines and adjoining glands; the term “‘intestines’’ denotes the section 
of the gastro-intestinal tract distal to the stomach with the adjoining spleen, 
mesentery and pancreas; and the term ‘‘liver’’ denotes liver only. 


RED COD 


According to Wilby (1937) eighteen species of Sebastodes are found in 
British Columbia waters, several of which are known among the fishermen as 
red cod, rock cod, or red snapper. As far as could be ascertained, these names 
were used interchangeably for species closely resembling each other, although 
the last name—red snapper—was generally applied to the larger fish caught in 
deep water. It was not deemed practical in this work to segregate the different 
species known by these names. 

The seasonal variations in the percentage of total viscera, liver and intestines 
of this group are shown in table I. There is considerable variation in the values, 


TABLE I. Seasonal variations in the percentage of total viscera, liver 
and intestines of red cod 








Date of Total viscera Liver Intestines | 
catching Fish (per cent) (per cent) (per cent) 
1938-1939 | (no) A], A —  —__ _ 
| Mean | S.D.* Mean | S.D.* | Mean | S.D.* | 
May10 | 16 | 4.95 | 0.76 1.26 | 0.27 | 1.97 | 0.34 
June13 | 18 | 4.91 | 0.51 1.36 | 0.30 | 2.06 0.27 
July 5 15 4.68 0.65 1.07 | 0.20 | 2.03 0.46 
Aug. 27 31 6.36 0.88 1.81 | 0.47 2.79 0.48 
Oct. 16 12 6.16 0.98 1.61 0.48 2.62 0.70 
Jan. 31 | 41 | 5.57 1.15 1.51 | 0.35 2.15 0.49 
Apr. 20 | 23 5.52 1:17 1.33 0.40 2.08 0.40 
/>x2 
*S.D.=Standard deviation = V DN 


but in general the percentage of viscera, liver and intestines in the fish tends 
to increase during the fall and winter months. The seasonal variations in the 
yield of oil from the livers and intestines and the vitamin A content of these 
organs are shown in table II. The percentage of oil in the liver tends to be 
lower during the spring and summer months, coinciding with the lower percentage 
of this organ in the fish (see table I). The decrease in the yield of oil from the 
liver occurs when the fish are spawning and not actively feeding. The oil content 
of the intestines is considerably higher than that reported for halibut intestines 
(Pugsley 1939a) or gray cod intestines (Pugsley 1939b). This increased yield 
of oil from the intestines is accounted for by the amount of fat stored in the 
mesentery surrounding the intestines. 

The vitamin A potency of the organs and the oils derived therefrom shows 
considerable variation. In general, the values per gram of liver are higher than 
those obtained for halibut, while the values for the intestines are in approxi- 
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TABLE II. 


the vitamin A content of these organs and their oils 


Date of | Weight | 


Oil (per cent) 


Vitamin A (blue units per gram) 


Seasonal variations in the yield of oil from the livers and intéstines of red cod and 








catching | groups | — 

1938-1939 | (no.) | Liver Intestines 
May 10 | 6 5.4 2.3 
June 13 | 6 | 12.5 10.8 
July 5 S 8.3 8.3 
Aug. 27 8 15.5 9.7 
Oct. 16 13.1 5.9 
Jan. 31 12 13.2 13.1 
Apr. 20 11 11.3 12.7 
May 13 - 7.2 4.2 





Liver | Intestines | Liver oil | Intestinal oil 
6000 850 178000 33300 
7200 850 77800 6500 
12200 800 180300 24800 
20000 1880 136600 15800 
8900 500 67900 9000 
8600 1500 67200 15200 
12200 2000 132700 16500 
23000 2500 316600 66000 





For number of fish in weight groups (1-pound intervals) see Table I. 





mately the same range (Pugsley 1939a). Since most of the vitamin A of intestinal 
oils is derived from the tunica propria of the intestines and a very small amount 
from the mesentery (Lovern and Morton 1939), the resulting oil from the whole 
intestines of the red cod tends to be lower in vitamin A than that of the halibut 
due to the higher oil content of the mesentery of the former fish. 

The variations in the yield of oil and the vitamin A potency of the liver 


and intestines in relation to the size of the fish are shown in table III. 


TABLE III. 


Weight 
group 


(Ib.)* 


2- 
3- 
4- 


5- 


“10 ote © 


“I 
; 
oO 


8- 9 
9-10 
10-11 
11-12 
12-13 
13-14 
15-16 
16-17 


*1 lb. =0.453 kilogram. 


32 
19 
20 
11 
10 


Fish 
(no.) 


17 


Groups 


Oil 


(per cent) 


These 


Variations in the yield of oil from the livers and intestines of red cod in relation to 
the weight of the fish and the vitamin A content of these organs 


Vitamin A 


(blue units per gram) 





(no.) ———_—_____—_ ———_- — — — ——— 
Liver Intestines Liver Intestines 
5 9.6 5.3 5900 1080 
7 8.9 11.4 6000 930 
5 13.2 8.3 7600 1070 
6 11.9 12.7 7300 800 
5 9.1 8.7 12100 1400 
4 15.1 11.6 13300 1450 
b 8.6 13.8 7700 960 
3 9.9 8.2 10000 650 
3 13.6 14.1 17000 1350 
4 11.1 5.9 26000 1500 
3 10.5 | 9.3 13400 880 
2 10.0 | 11.7 19300 1400 
l 9.5 3.2 42100 2900 
2 22.4 19.0 13900 1800 


results confirm those obtained with halibut (Pugsley 1939a), namely that the 
larger fish have a higher concentration of vitamin A in the liver than have the 
A summary of the data for the whole group of fish obtained is 


smaller fish. 


shown in table VI. 








— — - 





BLACK COD 


The black cod or sable fish is the only member of the family A noplopomidae 
caught in northern Pacific waters. The liver has been used quite extensively 
by pharmaceutical firms for the preparation of medicinal oils, but only pre- 
liminary reports (Pugsley 1938a) have been issued on the concentration of 
vitamins A and D in the liver and intestinal oils. Only two lots of fish were 
obtained, one lot of thirty in September 1938 and another of thirty-two in 
October 1938. The results from these two lots were combined and are presented 
IV and VI. This fish resembles the red cod in having a comparatively 
high yield of oil from the intestines. The yield of oil from the liver is also higher 
than usually obtained from halibut livers. The vitamin A potency of the liver 
and intestines tends to increase with the size of the fish (table IV) 
the observations on the red cod and halibut. 


in tables 


paralleling 

















TABLE IV. Variations in the yield of oil from the livers and intestines of black cod in relation to 
the size of the fish and the vitamin A content of these organs 
i | Weight Oil (per cent) Vitamin A (blue units pe r gram) | 
i group | Fish | CII mre escrrernrmmemmmrtormennyrmenenctonens - 
| (Ib.)* | (no.) | (no.) Liver | Intestines} Liver Intestines} Liver oil Intestinal oil 
, |} 24/ 9 | 3 24.5 5.2 | 2600 | 1900 | 13600 35300 | 
4- 6 | 12 | 3 29.4 8.6 9800 1500 31200 26900 
) | ae 11 a 30.3 9.4 7000 2600 21800 31600 
8-10 12 4 37.9 9.9 9100 3100 34400 33700 
| 10-12 | 6 3 30.2 13.3 13800 | 3600 41300 44900 
12-14 4 2 29.6 10.6 16100 11600 26700 56000 
: | 14-16 5 2 25.9 9.1 9700 | 3600 38500 39200 
, | 19. 1 1 30.0 | 13.6 | 20500 | 10600 | 68300 78000 
33- 2 1 26.8 10.0 | 25000 | 13200 | 95000 137000 
*1 Ib. =0.453 kilogram. 


LING COD 


The ling cod is the only member of the family Ophiodontidae reported in 


| years in the production of medicinal oils, 
issued on the vitamin A and D potencies of the oil. 
liver oil to be relatively high in vitamin A. 


northern Pacific waters. 
greater than for black cod or red cod. 


The landings of this fish in British Columbia are usually 
The livers have been utilized for several 
but only brief reports have been 
Bailey (1933) reported the 


Only two lots of fish were obtained 


in this study, one of eighteen fish in June 1938 and another of ten fish in July 


1938. 


The results are shown in tables 


V and VI. 


The intestines of this fish 


are relatively high in oil content, the yield in most cases exceeding that from 


the liver. 
of fat stored in the mesentery. 





These high values are accounted for by the relatively large amount 
Although the number of samples examined is 
relatively small, the vitamin A potency of these was found to be comparatively 


higher than reported for most Pacific coast fish. 
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TaB_e V. Variations in the yield of oil from the liver and intestines of ling cod in relation to th 
size of the fish and the vitamin A content of these organs and their oils 
Weight Oil (per cent) Vitamin A (blue units per gram) 
group Fish Groups - - — —~ 
(Ib.)* (no.) (no.) Liver Intestines} Liver Intestines} Liver oil | Intestinal oil 
5-10 7 3 10.9 16.5 | 8000 930 46100 4200 
10-15 8 { 6.8 | 7.0 4300 350 74000 7700 
15-20 1 3 8.4 15.3 11100 1500 191200 12200 
20-25 2 2 11.6 15.8 25300 3400 272000 69700 
25-30 2 2 11.8 17.1 7200 740 58100 11800 
30-35 3 3 8.1 10.3 25000 2200 | 317000 55200 
35-40 3 3 ae 9.8 33200 3400 388600 48500 


*1 Ib°=0.453 kilogram. 


Tas_re VI. Summary of data on the 152 red cod, 62 black cod and 28 ling cod 


Black cod | 


Red cod Ling cod 


Mean Mean S.D. | Mean 


S.D. ma. 
| 
Percentage of total viscera........... 5.68 0.96 7.73 1.50 5.81 1.22 
Percentage of liver............0000. 1.50 0.39 2.20 0.53 | 1.46 0.42 
Percentage of intestines 2.32 0.42 2:71 O88 2.33 0.50 
Percentage of oil in liver 11.4 5.7 21.5 7.2 | 9.1 3.6 
Percentage of oil in intestines 10.3 7.3 9.6 3.2 11.8 9.5 
Vitamin A (blue units per g.) 
in liver 12000 10400 9400 7300 15300 13000 
in intestines 1200 770 4200 3100 1600 1300 
in liver oil 121800 10500 32300 2200 188100 150000 
in intestinal oil 19100 21700 $2300 3000 26700 35000 
i. {=x 
*S.D.—Standard deviation = V V 


POOLED LIVER AND INTESTINAL OILS 


The vitamin A and D potencies of the pooled samples of liver and intestinal 
oils of red, black and ling cod are shown in table VII. The values for the vitamin 


rasB_e VII. Vitamin A and D potencies of oil from pooled samples of black cod, ling cod and 


red cod livers and intestines 





Pooled sample Vitamin A Vitamin D 


Date of Kind of (kg.) | (blue units per gram) | (international units) 
catching fish 
Liver Intestines Liver Intestinal Liver Intestinal 
oil oil oil oil 
1/9/38 Black cod 2.1 2.3 48500 65000 100 
16/10/38 Black cod 2.5 a 60000 85000 neta 
27/8/38 | Red cod 1.4 2.3 135000 19300 4000 500 
31/1/39 Red cod 1.3 2.1 68500 9400 et ows 
26/7/38 | Ling cod 1.2 1.2 228000 57000 6000 100 
8/5/39 Ling cod 7 2.6 262000 54000 
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A potency of these samples confirm the foregoing results in that these liver 
oils are all good sources of vitamin A. On the other hand the vitamin A potency 
of the intestinal oil of these fish tends to be lower than that of halibut. This 
is due to a dilution factor. The relatively large amount of fat of low vitamin A 
content stored in the mesentery tends to dilute the vitamin A contributed by 
the tunica propria of the intestines. 

The vitamin D values are too few to allow drawing any definite conclusions 
concerning the variations encountered. However, they do indicate that red cod 
and ling cod liver oils are relatively good sources of vitamin D while the intestinal 
oils of all three fish are low in vitamin D. 
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ABSTRACT 


Analysis by standard methods of samples of Clupea pallasii from different seasons and 
localities in British Columbia showed the following ranges in composition: water, 64.2 to 80.2%; 
oil, 4.1 to 19.4%; protein, 10.1 to 16.8%; ash, 1.9 to 2.8%. Oil content is highest in summer, 
declines during the fall and winter, and falls to a minimum after spawning time in early spring. 
There is an accompanying decline in the weight of the fish. Herring are highly variable in 
calorific value (2.41 to 0.94 Calories per gram). Potential oil yields on reduction as high as 30 
gallons per ton are indicated with a minimum of 7 gallons per ton. Average condition factors 
for samples were determined by averaging the individual condition factors obtained from 

1,000,000 W 

L 3.26 
and 3.26 is the exponent in the empirically fitted equation W=CL". This condition factor 


was found to be positively correlated with oil content and to follow in general the same seasonal 
trend. 


, when C is the condition factor, W is weight in grams, L is length in millimetres, 


INTRODUCTION 


In weight captured, herring, Clupea pallasii, is one of the most important 
of British Columbia fishes. The total value of the herring fishery, however, is 
comparatively low, owing to the low price obtainable for the products of the 
dry salting and reduction processes which absorb the major part of the catch. 
Lessening of the oil derived from the fish with the advance of the fishing season 
causes a decline in the value of the fresh fish to reduction plant operators pur- 
chasing the herring from the fishermen. The present report is intended to 
define the seasonal changes taking place in the oil content of the fish, to relate 
the changes with those taking place in the European herring, to present data 
on the nutritive value of a very important marine product, and to demonstrate 
the relationship between oil content as chemically determined and condition 
factors calculated from the length and weight. 

The first two authors have been responsible for collecting the samples and 
data and for organizing the results. The second two authors have carried out 
the chemical analyses and the calculations for table I. 


ACKNOWLEDGMENTS 


The authors wish to express their appreciation of the encouragement of 
Dr. W. A. Clemens throughout the investigation. The cooperation of Dr. R. H. 
178 


]. Fiso. Res. Bp. Can. 4 (5) 1°40. 





ae 

















































479 


Clark in extending the facilities of the Department of Chemistry of the University 
of British Columbia is gratefully acknowledged. The work of making most of 
the calculations involved was done by Mrs. Dorothy Dickinson Gailus and 
Miss Agnes Russell, whose conscientious care is gratefully acknowledged. 


METHODS 
ANALYSES 

A random sample of about 20 whole fresh herring was scaled, wiped with 
a moist cloth and immediately packed in four 960-ml. cans (no. 24%). Three 
cans were filled with boiled water, sealed, and processed at 15 lb. per sq. in. 
pressure (1.1 kg. per cm.*) for 75 minutes. The fourth can was used for deter- 
mination of the natural water content and, accordingly, no water was added to 
it before sealing and processing. 

The sexes were not treated separately. Lovern and Wood (1937) found 
that in July and August maturing females seemed to have a slightly lower fat 
content than the males, but as on the whole ‘‘the variations are very similar 
in males and females’’ and the sexes were present in roughly equal proportions 

they did not separate the sexes in the later samples. 

In the analyses, the contents of the cans were ground, thoroughly mixed 

: and sampled. Dry weight was determined as the residue after 24 hours at 98° C. 

} The dried samples were ground in a glass mortar, re-dried, and fat was determined 

| as the loss of weight after four hours’ extraction in a soxhlet apparatus with 
carbon tetrachloride. It is realized that other substances are probably included 
(Johnstone 1918a; Carter 1936) 

The extracted sample was ground to pass an 80-mesh sieve (32 openings 
per cm.), re-dried, and protein was estimated as 6.25 times the total nitrogen, 
as determined by the Kjeldhal-Gunning-Arnold method. The use of this factor 
has been criticized (Johnstone 1918a; Bruce 1924; Jones 1931), but a specific 
value is not available. 

Ash was determined from a separate sample of the dried extracted material 
which was heated cautiously until ebullition ceased, then at dull red heat for 
thirty minutes, cooled, nitrated, and re-heated to reduce all carbonates to 
oxides. This treatment was repeated to constant weight. 

Each report is the mean of at least two analyses which do not vary from 
the mean by more than the following percentages of the total dry weight: 


Determination Limits of variation 
from reported mean 


Serr wee kg lt ew +0.2% 
Perera a. ook te ls +0.5% 
a ae ee +0.4% 
Se ee ee +0.2% 


CONDITION FACTOR 
The methods of sampling the commercial catch and determining the 
“standard” length of the fish (mm.) are dealt with in Tester (1937). Weights 
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were determined to the nearest gram on Chatillon spring scales. In the course 
of the investigation three different scales were used. There are several sources 
of error in weight which should be enumerated. 


Firstly, although the spring scales were checked against and adjusted to a 
standard weight of 100 g., or, in a few samples, 200 g., there was a differential 
stretching of the spring in at least one of the scales which may have resulted 
in a maximum constant error of +1 g. above or below the point of checking. 


Secondly, samples were examined under varying conditions of freshness,— 
some within a few hours and others up to several days after capture. The latter 
were usually iced for preservation. In all probability there is a change in weight 
as fish become stale, for the flesh becomes soft, and liquid (water, blood, oil, 
etc.) is lost. This loss is accelerated by pressure, e.g., the weight of fish lying 
on top of those sampled in a scow or boat’s hold, so that time after capture is 
not necessarily an index of freshness. Herring will also lose an appreciably 
large percentage of their weight if allowed to become dry. The latter error 
was minimized by always taking samples from within rather than from the top 
of a load and by covering the samples with a damp cloth until examined. 


Thirdly, samples varied greatly in the average percentage of scales present 
on the fish at the time of examination. In those handled within a short time 
after capture, most fish had all or practically all scales present. Of those handled 
one or more days after capture, particularly of those which had been hauled 
for some distance under rough weather conditions or shipped by express to the 
laboratory, many had lost a large percentage of their scales. This introduces 
an error of unknown magnitude in the results, particularly those for localities 
on the west coast of Vancouver island. (In one test based upon 11 fish the loss 
of weight resulting from the removal of all the scales amounted to 3.7 per cent.). 
Moreover, as there is a definite tendency for small fish to lose their scales more 
readily than large fish, the error is differential in respect to length. 


In most species of fish, the relationship between length (L) and weight (W) 
has been found to conform closely to the equation W=CL". It was assumed that 
this relationship held for the Pacific herring and the constants C and n were 
determined for samples fromi the south-east coast of Vancouver island and 
from Barkley sound. In the former, 20 representative samples taken 4 per year 
over a five year period (1929-1930 to 1933-1934), and, in the latter, 25 repre- 
sentative samples taken 5 per year over a five year period (1932-1933 to 1936- 
1937) were used. For each sample, consisting of about 100 fish or more, the 
best straight line between the logarithms for length and weight was determined 
by least squares. At first the sexes were treated separately, but, as no significant 
differences were found, they were subsequently combined. An average of all 
samples in the two areas showed the relationship between length and weight 
to be approximately: 


East coast of Vancouver island . W = 330107° L**; 
Barkley sound. . . ... .W#=117X10~° L'*., 
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It will be observed that the value of is higher for Barkley sound than for the 
southeast coast. The difference of roughly 0.20 is about three times its own 
standard error (0.06) and may, therefore, be considered as significant. The 
difference in m may be significant of a difference in form between east coast 
and Barkley sound fish. On the other hand, it may merely reflect a difference 
in freshness or relative number of scales present on fish of different sizes in the 
two series of samples. In regard to the latter, the east coast samples were not 
subject to excessively rough handling and were examined a few hours after 
capture, whereas the Barkley sound samples were shipped by express and 
examined usually about two days after capture. The value of m for the south- 
east coast of Vancouver island is considered to be the more accurate of the 
two determinations. 

The above relationships may be compared with those prepared by Fraser 
(1931) for C. harengus from the determinations of Fulton (1904) and Orton 
(1916), and by Keys (1928) from 100 selected determinations said to be from 
Orton (1927) but evidently from Orton (1916), respectively: 


W = 2207X10°° L*-?; 

W= 337X10°* L*™; 

W= 268X10°° L** 
It might be noted that in both Atlantic and Pacific species of herring m is 
greater than 3. 

There are two procedures which might be followed in calculating the 
“condition” factor of fish. One, based on the calculation of K in the general 
equation K= W/L’, gives an index of weight relative to that which would be 
expected under conditions of isogonous growth in all body dimensions. The 
other, based on the calculation of C in the general equation C=W/L", is an 
index of weight relative to the mean weight at any length. 

Coefficients of condition based on the empirical exponent m have been 
criticized by Hile (1936) who considers that its use indicates the confusion of 
“two entirely distinct issues of describing condition and expressing the length- 
weight relationship”. He apparently considers that condition is a function of 
‘“‘form’’ and is expressed by K rather than C. He raises several objections to 
the use of the latter, the most serious of which is that m may vary between 
populations of the same species. 

For the present purpose, the coefficient C seems to be more desirable. The 
authors are interested in determining any seasonal trend in relative heaviness 
(relative to mean weight at any length) rather than ‘‘form’’. Moreover, when 
the cube relationship is used K either increases or decreases with increase in 
length, according to whether 7 is greater or less than 3. (See Clark 1928; Keys 
1928; Hile 1936; Van Oosten 1937, 1938; Battle and others 1936). When the 
empirical exponent is used, and is approximately constant for the material 


under consideration, C does not vary with length, so that for whole samples 
average values of C may be calculated and compared regardless of length 
differences. Thus, although the labour of calculation is somewhat greater, 


seasonal trends may be detected more readily. 
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In the present work, the coefficient of condition is given by the equation 
_ 1,000,000 W 
L? 6 


Calculations were made for each fish in all of the available material from 
southern British Columbia over the period 1929-1930 to 1933-1934 inclusive, 
and these were averaged for each individual sample. In using the east coast 
rather than the Barkley sound value of m there will be a slight tendency for 
C to increase with length in samples from the latter and possibly in those from 
other west coast areas. It is believed, however, that the error in the average 
introduced by this factor is much less than that caused by the actual loss in 
weight of material examined in a stale condition or after shipment. The latter 
source of error is unavoidable and only approximate allowance can be made 
for it in considering the results. 


MATERIAL 


The dates and locations of samples for which chemical analyses are available 
are shown in table I. The locations are cited in Tester (1937) and can be fixed 
approximately by reference to his table I, and figure 1. The original source 
of samples of spent (May 2) and fat (July 29) herring indicated as from ‘‘Nanai- 
mo?” is not known with certainty, but is, no doubt, some place in the southern 
part of the strait of Georgia. Blanks in the tables indicate that either the data 
were not obtained (as for C value) or that the material has been lost. 

Special analyses are shown of (1) the edible parts, (2) the parts discarded 
when the fish is eaten, and (3) the scales, of the spent and the fat herring. The 
separation between (1) and (2) was carried out as though the fish were being 
prepared for the table and no attempt was made to make the separation complete. 
Many small bones such as haemal ribs remained with the edible parts and 
considerable muscle tissue adhered to the skeleton, fins, ete. 

The material for condition factor studies is the same as that used by 
Tester (1937). 

RESULTS AND DISCUSSION 
ANALYTICAL RESULTS , 

The results of the analyses of the various herring samples are presented 
in table I 

The table shows that herring are rather variable in chemical composition 
The water content is shown to range from 64.2 to 80.2 per cent. In the wate: 
free sample oil ranges from 19.2 to 54.2 percent; protein from 37.6 to 65.6 per cent 
and ash from 5.2 to 13.0 per cent; on the basis of whole weight the extreme values 
are respectively 4.1 to 19.4 per cent; 10.1 to 16.8 per cent; 1.9 to 2.8 per cent. 

These values may be compared with those published by various authors 
for the oil and water contents of the Atlantic herring, C. harengus. Atwate 


1892) found water percentage from 69.03 to 76.11 and oil percentage from 
1.89 to 11.01 on analysing four individual fish. Milroy (1906, 1907) found the 
range in water and oil values in the muscles of herring from Loch Fyne and the 











TaBLe I.—Results of analysis by sample. 


Analysis of Dry Sample 
Average 
14% Protein 4 


45.7 . Analysis 


45.1 
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east coast of Scotland to be generally similar to those for whole British Columbia 
fish, but with the oil values somewhat lower (water 55.7 to 79.0 per cent; oil 
0.7 to 16.7 per cent). Following through the reproductive cycle of the Loch 
Fyne herring Milroy (1908) found the fat to increase from 0.7 per cent in the 
muscles of freshly spent fish to 11.8 during the recovery period, while the water 
content changed reciprocally from 80.0 per cent to 63.7 per cent. Johnstone 
(1915a and b, 1918a and b, 1919, 1920) found great variation in the fat content 
of the herring of the Irish sea (Isle of Man and Morecambe) which in some 
cases was so high that special analytical precautions were necessary to avoid 
loss of oil. Oil values as high as 41.8 per cent were encountered (Johnstone 
1918a and b). The range was from 1.2 per cent for spent males. Water analyses 
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FiGure 1. Relationship between time of year and percentage of dry weight constituted by oil. 


for spent and immature fish which might be expected to show the highest values 
are not given, and, accordingly, the limits (36.0 to 78.3 per cent) probably do 
not indicate the extreme upper range in the material. Bruce (1924) for Manx 
summer herring gives the limits for the muscle tissue as: water, 61.8 to 69.2 
per cent; oil, 7.5 to 19.4 per cent. An individual Clyde herring gave water, 
60.3 per cent; oil, 22.4 per cent. The general range of water and oil content 
as observed by Lovern and Wood is similar to that for the British Columbia 
herring, but it appears that the Scottish herring are somewhat more variable 
(water, 57.5 to 76.8 per cent; oil, 2.2 to 22.3 per cent). 

Although the British Columbia herring is found to be much less variable 
in composition than the Irish sea fish as analysed by Johnstone, it is considerably 
more so than is indicated for other British Columbia food fishes by analyses 
of the muscle, bone and skin, as canned together commercially [sockeye and 
pink salmon, Oncorhynchus nerka and O. gorbuscha (Carter 1936) ; coho (blueback) 
salmon, O. kisutch (Riddell 1936); pilchard, Sardinops caerulea (White 1936a)}. 














RELATIONSHIP BETWEEN OIL AND WATER CONTENTS 


Examination of the data for water and oil percentage for the British 
Columbia samples shows a reciprocal relationship between the percentages of 
the two constituents which may be described by the correlation: r = —0.77. 
Reference to Fisher (1932), table Va, for 13 pairs of variables (n=11) shows 
that this value is highly significant. The significance, however, is possibly 
more arithmetic than biological. It would appear that in any organism in which 
one component is highly variable, the percentages of the whole constituted by 
that component and that of any other important component would be negatively 
correlated. To eliminate the effect produced in this way the correlation was 
calculated between percentage of oil and percentage of water on an oil free 
basis. This gave: r = —0.14, a result which, although still negative, is not 
significant. 

The reciprocal relationship between water and oil contents has been com- 
mented upon by a number of authors. Recalculation of the coefficient of correla- 
tion between oil and water on an oil free basis from published data leads in some 
cases to the retention of a significant result (Lovern and Wood 1937), but in 
others (Johnstone 1920; Davidson and Shostrom 1936, for pink salmon) the 
coefficient, although still negative, becomes too small to be significant. Milroy 
(1907) considered it quite possible that there was an increase in the water in 
the lean fish but it is to be inferred from Milroy (1906) that the influence of 
one abundant constituent on the percentage composition of another was realized. 
It appears that definite information as to the changes in the total amount of 
water in the tissue of a herring will not be available until analyses are made 
which take into consideration the total weights of the fish analysed. 


CALORIFIC VALUES OF HERRING 

By following Rubner (1901) in regarding 1 gram of oil as the equivalent 
of 9.3 Calories and 1 gram of protein as equivalent to 4.1 Calories, the following 
energy values are obtained for 4 samples selected to represent the range of oil 
values encountered: 


q q Cc Cc 
Oil Pro- per per 
tein gy. lb. 
Whole fat fish July 17, 1932 19.8 13.8 2.41 1090 
Point Grey 
Whole medium fish Dec. 8, 1931 11.9 15.3 1.73 786 
Vernon bay 
Whole lean fish Jan. 24, 1932 6.2 15.4 1.2) 538 
Nootka sound 
Whole spent fish Mar. 12, 1933 $.1 13.8 0.94 $26 


Horswell point 


The values calculated by Johnstone (1918a) from his analyses of fat herring 
are considerably higher than these, as might be expected. Comparison of these 
results with those for other British Columbia species show that in calorific value 
fat herring is very high, being comparable with late-caught fat pilchards (White 
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1936a). Moderately fat fish correspond in energy value with early run pilchards 
(White 1936a) and sockeye salmon (Carter 1936), and somewhat excel coho 
and pink salmon (Riddell 1936; Carter 1936); the leanest fish correspond to the 
least rich samples of pink and coho and to the ling cod, Ophiodon elongatus, one 
of the so-called white-fleshed fishes (White 1936b). 

The fall in energy value from the peak condition of mid-summer to the 
spawned-out fish in the spring is very strikingly shown in the tabulation. The 
actual decline in the food value to be obtained from an individual fish is even 
greater, because during the same period there is a decline in absolute weight 
of approximately 25 per cent (see section on weight losses). This condition is 


were 


in contrast to that reported by Milroy (1907) who concluded that up until the 
full maturation of the ovaries there is an increase in the weight of the fish, 
although the nutritive value declined prior to spawning. 

Calculations based on the May 2 and July 29, 1933, material indicate the 
following distributions of the dry weights of the material analysed: 


o c 5 c ; 
edible bone, viscera, etc. scales 
May 2, 1933 
Spent fish 15 32 23 : 
July 29, 1933 
Fat fish 50 23 27 
and the energy values are as follows: 
% total Of total Y total 
energy in energy in energy in 
edible part bone, viscera, etc. — scales 
May 2, 1933 
Spent fish 50 30 20 
July 29, 1933 
Fat fish 59 25 16 


These figures portray the rather idealized condition in which all substances 
are perfectly digestible. It would, no doubt, be found that but very little of 
the energy in the scales would be available when the fish are used as food unde: 
any circumstances. 

It is evident then that 50 per cent of the energy in lean fish is available 
when the herring are used on the table and 80 per cent when the lean fish are 
] 


ic 


reduced and used for feeding stock. In the case of fat fish, 59 per cent of t 
energy is made use of when the fish are eaten fresh or canned and 84 per cent 
as food for stock. In the case of fish reduced and used for fertilizer, it is likely 
that all of the nitrogenous matter is ultimately in a condition to be used as 


plant food, that is. 100 per cent. 


Oi. YIELDS TO BE EXPECTED IN REDUCTION 


The oil analyses provide a standard by which operators can judge the 


efficiency of their processing. As a U.S. gallon of herring oil weighs 7.7 pounds 
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(Carter 1938), it is evident that one ton of the Shelter Arm herring taken on 


2000 _. 43.2 _, (100 —67.8) 


December 7, 1931, should contain: —— —_ —- =36.2 gallons oil. 
100 L100 


According to one producer normal reduction conditions on relatively fat fish 
produce in the neighbourhood of 410 pounds of meal running about 8 per cent 
10 8 


~ = 4.3 gallons of oil 
Ved 100 


oil from a ton of fish. This means that some 


are in the meal, so that the operator should get 31.9 gallons of oil to the ton 
of fish (133 litres to the metric ton). Until recently a production of 30 gallons 
to the ton was seldom reached in processing autumn or winter fish in southern 
British Columbia by the settling method of oil separation and it is, accordingly, 
apparent that attempts at improvement of reduction methods are in order. 

Similar calculations for other samples representative of the herring en- 
countered during the winter fishing season are shown in the following tabulation, 
along with the example cited: 


Oil Oil Meal Oil in Oil production 
content in per meal per Per Per 
per ton meal ton ton ton metric ton 

(gal.) (%) (Ib.) (gal.) (U.S. gal.) 1.) 
Shelter arm 
Dec. 7, 1931 36.2 Ss 110 1.3 31.9 133 
Barkley sound 
Dec. 21, 1932 19.7 7 120 3.8 15.9 66.4 
Nootka sound 
Jan. 4, 1933 16.2 6 130 ois 12.9 53.8 
Horswell point 
Mar. 12, 1933 10.5 5.5 140 3.1 7.4 30.9 


As the Horswell point fish contain less oil than is to be expected from fish 
captured during the reduction season, which closes on February 5 in southern 
British Columbia, and as they are capable of yielding more than 7 gallons of 
oil to the ton, it is evident that the amount of oil in herring is always great 


enough to warrant serious effort in its recovery. 


SEASONAL CHANGES IN OIL CONTENT 

Oil percentages from table I are shown graphically in figure 1, which indicates 
t maximum reached in July and fairly well sustained throughout the summe: 
In October the oil content starts to fall quite rapidly, reaching a very low value 
about spawning time in March. The details of this relationship would probably 
be inaccurately portrayed by the best line through the points, as there is, no 
doubt, difference from year to year (Johnstone 1920) and from place to place 
(Battle and others 1936), and the data are composite in respect to both year 
and locality. The decline in oil composition starts much longer before spawning 
time among British Columbia herring than among the European herring (Milroy 
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1907; Lovern and Wood 1937). This is probably related to the cessation of 
feeding on the part of the fish during the principal fishing season in British 
Columbia, Wailes (1936a) reporting that only 0.05 per cent of the winter caught 
(October-February) British Columbia herring were found to contain food. 


SEASONAL CHANGES IN CONDITION FACTOR 


Condition factors for each sample are plotted against date in figure 2. It 
is evident that condition factor is rather erratic in its occurrence from sample 
to sample, so that samples taken in the same week may differ greatly from one 
another. As the standard deviation of a C-value tends to a value approximately 
0.2, and the standard errors of the average C-values for samples as plotted 
approximate 0.02, it is obvious that all of the irregularities cannot be explained 
on the basis of random selection. In spite of the irregularities there is obviously 
a trend from a maximum between July and November to a minimum between 
February and April. Samples during the summer are not sufficiently numerous 
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FiGuRE 2. Relationship between time of vear and average condition factor C. 


to show the time of maximum C-value. It appears possible from the data at 


hand that a fairly constant high value is maintained during the late summer 
‘ 
and early autumn. 


Ort CONTENT AND CONDITION FACTOR 


It appears reasonable to expect the existence of a relationship between 
condition factor and oil content. Bjerkan (1917) found such a relationship for 
the North sea herring using a condition factor calculated on the cube relationship. 
In that case, the relationship between length and weight agreed very closely 
with W=KL*. Battle and others (1936) disregarded oil content in defining 
fatness of herring as equivalent to K value calculated on the cube basis. On 
the other hand, Fridriksson (1934) was unsuccessful in finding a positive 
relationship between condition factor and fatness. Such a failure is believed 
to be associated with the high variability in oil content of fish within a sample. 
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Examination of the present results indicates that the standard deviations of the 
oil percentages run in the neighbourhood of 10 per cent of their own values. 

Examination of figures 1 and 2 suggests that average condition factor and 
oil content vary together. Calculation of the coefficient of correlation gave the 
significantly high value: r=0.69. In spite of the significant correlation a calcu- 
lation of the regression equation relating percentage of oil to condition factor 
(Snedecor 1937), percentage oil = 25.2C — 41.6 + 6.2, shows such a high 
standard error that it is very doubtful that forecasts of oil can be based on 
length and weight determinations with sufficient certainty to be of practical 
value. 

For example: it would be a relatively simple matter to determine the 
condition factor of a sample of herring from some areas, say 3.10. From the 
formula above it is evident that the most probable percentage of oil to be expected 
from fish with that condition factor is 34.3 per cent. In one case out of every 
three, however, the percentage will be higher than 40.5 or lower than 28.1. 
These percentages roughly represent ideal oil yields of 29 U.S. gal. per ton and 
14 U.S. gal. per ton respectively. The range of possible yields is obviously too 
great for the method of estimation to be of practical value. 


WEIGHT AND OIL LOssES BETWEEN FAT AND SPENT STAGES 

Consideration of changes in oil contents together with changes in condition 
factor give some information concerning the distribution of weight loss among 
the proximate components. 

The total loss in weight between the fattest fish for which there are complete 
data and the leanest, as indicated by change in condition factor, is about 25 
per cent (July 7, 1931; Mar. 12, 1933). The decline in oil percentage between 
the same samples is less than 16 per cent of the weight of the fish. This shows 
definitely that there is loss of other constituents than oil. It gives no support 
to the suggestion of Milroy (1907) already referred to that there is an increase 
in the amounts of water in lean herring. 

The condition factor 2.64 for the March 12 sample is based on a composite 
sample comprising full, partly spent, and spent fish. Separation of the full and 
spent individuals shows average condition factors of 2.73 and 2.48 respectively, 
there being no significant difference between the sexes. If the peak of condition 
is considered as being represented by C=3.40, it is apparent that a large pro- 
portion of the loss in weight occurs prior to actual spawning. 


CONCLUSION 
Pacific herring are very variable in proximate composition. There is a 
reciprocal relationship between oil and water content but this is due largely to 
the method of calculation. In general the calorific value is high. Calorific values 
for unit weight are highest and waste in dressing is least in the summer when 
the fish are fat. Considerable loss of weight occurs during the period when 
eggs are being matured. There are, accordingly, three factors which contribute 
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to fresh herring being most efficiently used as food during the summer and early 
autumn. 

As is the case with oil content, condition factors (C) are high in summer 
and autumn, and fall to a minimum near spawning time. A positive relationship 
exists between C and oil content, but it is too loose to be of value in calculating 
oil yields. Unfortunately C is too erratic within and between samples to warrant 
further analysis in biological studies. 

Analyses show that yields of less than 7.4 U.S. gallons per ton (31 litres 
per metric ton) are not to be expected from the reduction of British Columbia 
herring. As much lower yields are sometimes encountered with the settling 
system of oil recovery, it is evident that improved methods of separation may 
be profitably sought. 
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Effects of Current on the Movement of Speckled Trout 


By PaAuL F. ELson 
University of Toronto 


(Received for publication December 15, 193%) 


ABSTRACT 
Abrupt change from still water to current, or the reverse, results in an increase in the activity 
of Salvelinus fontinalis. Sudden increase in current strength and in amount of turbulence also 
increases activity. In still water activity takes the form of random wandering. The increase 
in activity while in current is manifested by movement upstream. High water temperatures 
(20° C. as against 17° C. in the experiments) result in a decrease in, or even a lack of, increased 
activity. 


Knowledge of the effects of current on the movements of speckled trout 
(Salvelinus fontinalis Mitchill) in streams is of basic importance for an analysis 
of the behaviour of the fish. It is well known that in certain circumstances 
speckled trout, and other stream-inhabiting fishes, move upstream against 
current. Such movements, if sufficiently marked, are frequently called ‘‘migra- 
tions’. There has been considerable speculation regarding the factors initiating 
and involved in such movements but there is a need for more factual information 
on the subject. Lyon (1904) has shown, for Fundulus, that exposure to current 
normally results in orientation against the direction of current flow. However, 
as he states, ‘“‘rheotropism explains the orientation, but not the migration of 
fishes’’. Much remains to be learned concerning the effects of current on the 
behaviour of fishes. Therefore, a logical avenue of approach is to analyse the 
effects of known factors on the movements of the fish. From this analysis a 
relation between the conditions of the animal’s environment and its movements 
can be derived. 

Some experiments dealing with the effects of currents on the movements 
of speckled trout were undertaken during the summer of 1937. This research 
was performed at Margaree Harbour, N.S., under the auspices of the Biological 
Board of Canada and under the direction of Dr. A. G. Huntsman. 


APPARATUS AND TECHNIQUE 
A pool in which to carry out the experiments was prepared in the bed of 


i small spring-fed trout stream, Duck Cove brook. Two dams, made of boards 
backed by stones and sand, were placed across the stream. A gate was made 
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in the middle of each dam and the space between the dams excavated to form 
a pool about 10 feet (3.1 m.) long, 8 feet wide and 2 feet deep (figure 1). A box 
30 inches (76.2 cm.) long, 10 inches wide and 12 inches deep was constructed of 
rough lumber, the ends being formed of }-inch galvanized screen to allow a 
current to flow through the box. Outriggers on which stones could be placed 
were fastened to the sides of the box. A trough was connected to the outlet 


at the lower end of the pool. The flow of water through this trough could be 





FIGURE 1. Pool prepared in Duck Cove brook for use in observations on effects of currents 


on movements cf speckled trout. A,—box in still water. B,—same in slow, even current 
(rate of flow 45 inches per min.). C,—trough at lower dam for sudden, strong discharges. 


controlled by means of a canvas gate and by raising or lowering the downstream 
end of the trough. 

Depth of water in the experimental box was adjusted by weighting the 
outriggers with stones. A depth of 3 inches was used to permit variation in 
vertical distribution. Different conditions of current, and still water, were 
obtained by mooring this box at suitable places in the pool. Still water was 
obtained in a bay at the upper end of the pool (figure 1, A). Slow current was 
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obtained by mooring the box a foot or two below and directly in front of the 
inlet (figure 1, B). In all the experiments using this piece of apparatus the 
rate of flow through the box was 45 inches (114.3 cm.) per minute. This slow 
current was used in order to minimize the factor of turbulence. Swift currents 
with a large amount of turbulence were obtained in the trough connected to 
the outlet at the lower end of the pool (figure 1, C). 

Native speckled trout (4 to 6 cm. long) were obtained from Duck Cove 
brook and placed in either the box or the trough for observation on their reactions 
to various conditions of current. For most of the experiments 17 to 20 trout 
were employed at a time. For the experiments dealing with sudden discharge 
and high turbulence 5 to 7 fish were used at once. 

The behaviour of the trout under constant conditions of both still water 
and current was first examined, as a basis for subsequent comparison. Their 
behaviour when they were changed abruptly from still water to current, or 
vice versa, was then investigated. Their reactions when subjected to a sudden 
increase in current and turbulence were noted. Finally their movements and 
distribution when they were offered a choice of various conditions of still water, 
current of varying strength and small eddies were observed. 


EXPERIMENTS AND RESULTS 


The experiments evaluating the effects of the various conditions of current 
on the movements of the trout are described below and the results have been 
arranged in the accompanying table to facilitate comparison. 


A. CoNsTANT CONDITIONS 
1. STILL WATER 


After being in still water for 2 days the trout showed a complete lack of 
orientation. They also wandered at random about the box. Distribution was, 
on the whole, quite uniform throughout the space, both horizontally and 
vertically (figure 2, A). 


2. CURRENT 


After being in current (a) 3 days, (b) 1} hours, the trout were oriented 
against the direction of current flow. Distribution was uniform horizontally 
but not vertically since no fish were observed in contact with the bottom, 
contrary to the condition in still water (figure 2, B, iv). 


B. CHANGE IN CONDITIONS 
3. STILL WATER TO CURRENT 


(a) After being adapted to still water for 3 days, trout were moved to 
current. Orientation was against the current. All fish gathered at the upper 
screen and many jumped. This condition was maintained for 10 minutes, two 
or three fish jumping a minute. After 10 minutes jumping ceased and distribution 
became uniform throughout the box, but with considerable wandering, principally 
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Distribution 


uniform horizontally and 
vertically 


Movement 


random wandering 





CURRENT* (a) 3 days against curr- uniform horizontally, very little 
ent no fish on bottos 




















against curr- 


uniform horizontally, 
ent 


very little 
no fish on bottom 
















90 tatioj Distribution Movement 
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WATER TO (a) 3 days in against curr- first 10 min. at upper jumping at upper screen 

CURRENT * still water ent except screen followed by altern- interspersed by periods 
when moving ate periods of uniform dis- of wandering length of 
downstream and tribution and concentration box 
turning at upper end 

(bd) 2 hrs. in against curr- first 10 min. at upper no jumping 
‘still water ent screen then uniform 













throughout box 
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4. CURRENT* 
TO (a) 5 days in none uniform vigorous random wand- 
STILL current ering for 10 min., 
WATER then less wandering 


(b) 2 hrs. in 
current 
5. INCREASE IN CURRENT STRENGTH AND TURBULENCE 
Movement & 










Adaptation Placed in Procedure _ Orientation Movement 
(a) several still random sudden discharge against swim upstream varying 
days in water wandering for 1/2 min. at current distance, greater dist- 
still l- & 2- min. int- ance with 2-min. 
water ervals intervals 














(vb) 5 hrs. in still random sudden discharge against swim to upper end of 
still water wandering for 1/2 min. at current trough first 4 times, 
water 2-min. intervals then swept to lower 


end of trough 


















4 days in still random sudden discharge against 
current water wandering for 1/2 min. at current 
2-min. intervals 


no upstream movement 









Expts. 5, (a), (b) and (c) repeated at 20°C (17°C above) against none, or swept down- 
current stream 























still i. still random sudden discharge against movement to above 
water water wandering and turbulence current origin of turbulence 
caused by obstr- 
ii. slow against uction to 
current current, current 


little, 


6. CHOICE OF DIFFERENT CONDITIONS 
1 


Water Current a: 
Erequency Frequency _______Sehsviour Frequency wio 
(a) entered random wander- normally usually below strongest part seldom remain in 
& frequently ing results in of current, tend to move entered one spot 
(b) in movement current either up or down to weaker for some 
into current current or still water if time 
within a they do enter strong current, 
short time orientation against current, 


decreased tendency to move- 
ment in moderate current 







* rate of flow 45 inches per minute 


Note: depth of water in expts. 1, 2, 3, 4 and 6 was 3 inches, in expt. 5 approx. 1 1/2 inches. 
17 to 20 trout used in expts. 1, 2, 3, 4 and 6; 5 trout in expt. 5. 
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parallel to the direction of the current. After 40 minutes the trout again con- 
centrated at the upper screen and once more many jumped. Periods of con- 
centration at the upper end, with jumping, were interspersed with periods of 
uniform distribution at about 5 minute intervals for the next 2 hours. After 
this time distribution remained uniform (figure 2, B, i-iv). (b) When the fish 
had been adapted to still water for only 2 hours previous to the experiment 
concentration at the upper screen occurred but there was no jumping and the 
reaction to change in conditions lasted only about 10 minutes. 


4. CURRENT TO STILL WATER 


(a) After being adapted to current for 5 days, trout were moved to still 
water. There was a high degree of random wandering for 10 minutes after the 


44 44 





Ficure 2. A,—trout in still water, showing lack of orientation, and uniform distribution. 
B,—trout in slow, even current, showing orientation and distribution, (i) 3 min. after 
being placed in current, (ii) 15 min. after placement, (iii) 50 min. after, (iv) 95 min. after. 


change. Then wandering decreased noticeably. (b) When trout had been 
adapted to current for only 2 hours the results were the same as above. 


5. INCREASE IN CURRENT STRENGTH AND TURBULENCE 


Trout were placed in the lower end of a trough and subjected to a series 
of sudden discharges, each of }-minute duration, at intervals of (a) 1 minute 
and (b) 2 minutes. When the trout had been adapted to still water for 5 hours 
to several days previous to the experiment they reacted by moving up against 
the discharge. This reaction was more pronounced if the discharges were made 
at 2-minute intervals rather than at 1-minute intervals. (c) If the trout had 
been adapted to current for several days previous to the experiment they became 
oriented against the direction of the discharge but did not swim upstream. 
(d) When the water temperature was 20° C. (3° C. higher than for the above 





496 


observations) no movement upstream resulted. Rather the fish appeared to be 
weak and were swept to the lower end of the trough. (e) Increasing the amount 
of turbulence by placing a small dam across the current resulted in movement 
to above the origin of turbulence. 


6. CHOICE OF DIFFERENT CONDITIONS 


In these experiments baffles were placed obliquely in the experimental box 
in such a manner as to provide a slow current above and below the baffle, swifter 
current at the free edge of the baffle and still water either above or below the 
baffle in the angle between it and the side of the box. There was also a small 
eddy near the free end of the baffle. Various settings of the baffle and the dis- 
tribution of the trout are shown in figure 3. 

(a) The trout, when first exposed to the arrangement shown in figure 3, A, 
moved up through the swift current at the free edge of the baffle to lie in the 
slower current at the head of the box. A few minutes later distribution became 
uniform throughout the box for a period. Later still all fish fell back below the 
swift current at the edge of the baffle and distribution was uniform in the lower 
part of the box, with a decreased amount of movement. Fish which entered 
the area of still water behind the baffle soon passed from it by random wandering 
and came to lie in weak current again. The small eddy near the free edge of the 
baffle was seldom entered, but such fish as did enter it remained nearly motionless 
for several minutes before moving out of it. (b) Experiments with the baffle 
set as in figure 3, B and C, provided essentially the same conditions as in (a), 
(figure 3, A), above, but with a slightly different arrangement. The results 
were similar to those already described. The trout lay below the strongest 
part of the current. If they entered stronger current they either swam upstream 
or drifted downstream to weaker current. Random wandering in still water 
and the tendency to remain relatively still in current resulted in the trout being 
found chiefly in current. 


DISCUSSION 


The lack of orientation shown by speckled trout in still water confirms 
for this species the findings of Lyon (1904) for Fundulus. The stimuli effecting 
orientation have been shown to act through the senses of sight and touch (Lyon 
1904), lateral line sense in addition to these two (Parker 1904 and Dykgraaf 
1933) and the ear (Dykgraaf 1933 and Gray 1937). With uniform environment 
in still water none of these senses are called into play. As a result movement 
is characterized by random wandering. 

In slow current trout are oriented against the direction of current flow and 
maintain a nearly constant position. Lyon (1904) has shown that, with a complete 
absence of current-pressure on the body, fish still exhibit a definite rheotropism 
and that this is related primarily to the sense of sight. He also showed that 
contact stimuli with either moving or stationary objects could be used to orient 
the fish, and that turbulent current produced orientation in blinded fish. Both 
Lyon (1904) and Dykgraaf (1933) have shown that it is the general cutaneous 
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sensitivity which is involved in this case. In addition to bringing about orien- 
tation a slow uniform current results in decreased movement relative to the 
substratum. Huntsman (1938) found that ‘‘turbulent current caused parr to 
become quiet.’’ This corresponds to the effect of current as found in the present 
investigation. 





Ficure 3. Orientation and distribution of trout adapted to current; A,—with downstream 
baffle in upstream end of box, (i) 1 min. after placing baffle, (ii) 25 min. after, (iii) 65 
min. after; B,—with downstream baffle extended parallel to current, 12 hrs. after place 
ment; C,—with upstream baffle at various points in box, (i-v) 1 min. after placing baffle. 


Abrupt change from still water to current, or the reverse, results in an 
increase in activity over that normally exhibited by trout which have been 
adapted to one of these conditions. Trout show a tendency to swim upstream 
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when they are moved from still water to a moderate current. When moved 
from current into still water the fish at first wander more vigorously than is 
usually the case in still water. Apparently the change in conditions stimulates 
the animal to movement, while orientation caused by the current governs the 
direction of movement. Fish which had been adapted to one environment for 
several days showed much more vigorous reac‘ion to change in conditions 
than those which had been adapted for only a few hours. In the experiments 
performed, this pronounced reaction to change of conditions lasted for 30 
minutes to 2 hours, depending on the extent of adaptation. 

Change in environmental conditions is known to be a stimulus resulting 
in activity. Johnson (1938) has shown that change in light intensity influences 
the distribution of the marine copepod Acartia clausi. Change in distribution 
indicates an increase in activity. Bélehradek (1935, chap. XI, 2) quotes several 
authors concerning the stimulating effect of change in temperature on organisms. 
It must be emphasized that in the experiments described above more than 
mere mass movement of the water was involved. A certain amount of turbulence 
was unavoidable. It is probable that trout in streams would seldom encounter 
current without some degree of turbulence. 


Speckled trout tend to react to a sudden strong discharge by moving up- 
stream. This is a very similar reaction to that already described when the fish 
are moved from still to flowing water, but much more vigorous. The response 
is more pronounced with fish which have been in still water for some time 
previously. Jumping occurring at obstacles in the water is interpreted as a 
result of increased disturbance, or turbulence. This apparently has the effect 
of stimulating the fish to increased movement also. Turbulence in this con- 
nection may probably be regarded as a special case of change in current strength. 


Relatively high water temperatures may result in this reaction being diminished 
in intensity or even lacking. 


Of particular importance in the experiments involving choice of conditions 
is the observation that while the speckled trout were found mostly in current 
they did not remain in the strongest part of the current but rather just below 
it. Movement into stronger current resulted in a further movement upstream 
or a drift downstream to weaker current, depending on the condition of the 
particular fish. When trout do enter still water from current the wandering 
characteristic in still water provides a mechanism by which they pass into 
current again shortly. The tendency to maintain a fixed position in a current 
results in the fish being for the most part in current. Small eddies appear to 
be avoided, but fish which do enter them remain there for some time. The 
behaviour of fish in small eddies has been studied by both Dykgraaf (1933) 


and Gray (1937). Both authors found that the principal sense involved was 
the ear. 


While the behaviour of trout as influenced by current has been discussed 
above, it must be borne in mind that such factors as temperature, light, and 
possibly others, have an effect on the reactions of the trout to current which 
may, at times, result in a different pattern of behaviour to that described. 
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CONCLUSIONS 

Change from still water to current, or the reverse, results in increased 
activity of speckled trout. 

Increase in current strength and in turbulence results in increased activity 
against the current, causing movement upstream. This reaction, coupled with 
the orientation brought about through rheotropism provides a mechanism 
which explains upstream movement of speckled trout. 

When given a choice of several types of current trout are found most 
frequently in moderate current, remaining below the swiftest part. 

Wandering in still water provides a mechanism by which speckled trout 
pass from small areas of still water into current quite readily. 
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